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FORE WORD 

The Telemetry Data Processing Plan for the OGO-A Mission was 
preparedfor use by analysts, engineers, technicians, and programmers 
engaged in processing data for the Orbiting Geophysical Observatory 
satellites. Detailed information is presented for personnel engaged 
in production control, tape evaluation, analog- to-digital line operation, 
computer operation, plotting operation, quality control, and tape lib- 
rary maintenance at the Data Processing Branch. The document will 
also be of use to experimenters, subsystem engineers, ground station 
operators, and others concerned with the OGO project. 
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TELEMETRY DATA PROCESSING 
PLAN FOR THE OGO-A MISSION 

SECTION 1 
INTRODUCTION AND SUMMARY 

Data from scientific instruments onboard satellites are recorded on magnetic tapes 
at the NASA data acquisition network stations and sent to the Data Systems Division, 
Data Processing Branch for evaluation, processing, reduction, and further preparation 
for analysis. Further responsibilities include spacecraft attitude computations, addi- 
tional processing of experiment data by request of the experimenter, and processing of 
spacecraft subsystem data. A telemetry data processing plan has been prepared to help 
accomplish the above-mentioned tasks for the Orbiting Geophysical Observatories 
(OGO-A Mission). 

The OGO's, the first  of a series of sophisticated scientific satellites, have been de- 
signed to accommodate many types of highly diversified scientific and technological ex- 
periments that will telemeter back to earth an avalanche of data. The techniques of 
reducing and processing these data require specific knowledge of the data processing 
problem with all of i ts  aspects; i. e., the control of the experiment data in the OGO's, 
the data transmission, acquisition, etc., to the data's final preparation for analysis. 
Therefore :details of the extensive data processing operations as well as pertinent O W  
spacecraft-details are  presented i n  the Telemetry Data Processing Plan for the OGO-A 
Mission. 

The plan contains nine sections and three appendices. Section 1 is the Introduction 
and Summary. Section 2 presents the overall OGO program, the 0 6 0 - A  mission, and 
the observatory tracking equipment. Section 3 presents the multiplexing and transmis- 
sion of ezperiments and subsystem data in the OGO-A spacecraft. The multiplexing of 
d2td handled by the pulse code modulation (PCM) telemetry is emphasized. Section 4 
describes the ground data acquisition stations including procedures, standards, and 
schedules governing their operations. OGO-A data processing and PCM analog data 
processing are  described in Section 5. OGO-A data processing on digital computers is 
described in Section 6. Section 7 describes the techniques used to process the PCM 
digital data in each of the four major intermediate programs of the 0 6 0 - A  plan. 
four major end-data programs for PCM data are described in Section 8. These programs 
yield decommutated digital data from commands, experiments, spacecraft subsystems 
data, and attitude-orbit data. These data together with special-purpose data constitute 
the end goal of the OW-A mission. Because i t  uses frequency-division multiplexing, 
special-purpose data is separate and distinct from PCM data and must be processed ac- 
cordingly. Section 9 describes the techniques used to process these data. In conclusion, 
two appendices present (A) the disposition of data, and (B) the descriptions and locations 
of experiments and names of experimenters. The command system of the OGO-A space- 
craft and the OGO spacecraft instrumentation list are incorporated by reference in 
Appendix C. 

The 
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SECTION 2 
ORBITING GEOPHYSICAL OBSERVATORIES 

2.1 OVERALL OGO PROGRAM 

The Orbiting Geophysical Observatory (OGO) program's first objective is to conduct 
numerous, diversified experiments for making scientific measurements within the earth's 
ionosphere, magnetosphere, and in cislunar space to obtain a better understanding of the 
earth-sun relationship. The second objective is to design, develop, and launch a series 
of standard observatory spacecraft with a basic system design that can be easily adopted 
to carry numerous and diverse experiments. 

Eleven missions (two different types) are currently planned in the OGO program. 
See Table 2-1. In  one type (EGO), the spacecraft describes a highly elliptical orbit 
ranging in altitude from less than one to greater than 20 earth radii. In the other type of 
mission (POGO), the spacecraft describes a nearly circular orbit at  heights less than one 
earth radii. 

The 060 program is under development by Space Technology Laboratories for God- 
dard Space Flight Center. The project management structure for the OGO program is 
given i n  Figure 2-1. 

Table 2-1 

Planned OGO Missions 

Present 
Designation 

OGO-A 

OGO-B 

OGO-C 

OGO-D 

OGO-E 

OGO-F 

OGO-G 

OGO-H 

OGO-I 

060-J 

OGO-K 

Former 
Designation 

5-49 

S-49a 

5-50 

S-50a 

s-59 

S-60 

S-69 

5-70 

s-79 

(None) 

(None) 

Type of 
Orbit 

Eccentric 

Eccentric 

Polar 

Polar 

Eccentric 

Polar 

Eccentric 

Polar 

Eccentric 

Polar 

Eccentric 
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The OGO program has disclosed new problems i n  data handling. In the past, a rela- 
tively small number of experiments has been carried i n  various satellites. Each of these 
previous missions has resulted in acquiring large quantities of data during several months 
of useful life. I t  is estimated that 10,000 analog magnetic tapes will be used during the 
one-year lifetime of each OGO mission. Such a large volume of data requires a data 
handling system as near totally automatic as possible, using state of the a r t  techniques. 

In the handling of OGO data, telemetry data are received from the spacecraft via 
UHF link and recorded on analog magnetic tapes at the primary and secondary STADAN 
network stations. The analog tapes are  then mailed to Goddard Space Flight Center for 
processing. Each tape, as  i t  is received from the acquisition station, is evaluated and 
classified according to its quality. A log accompanies each tape, from the time of ini- 
tial reception of data to final processing. Then, each experimenter receives his data on 
digital tapes according to specifications, containing orbital, housekeeping, and experi- 
mental information. Separate orbital and attitude tapes also accompany the experimenter 
tapes. Further data analysis is performed by the experimenter. 

2.2 OGO-A MISSION 

As  the f i rs t  mission of the OGO program, the OGO-A was launched by an Atlas- 
Agena B vehicle on 7 September 1964 from the Atlantic Missile Range and injected into 
an eccentric orbit of approximately 31 degrees inclination. The spacecraft weighs about 
1500 pounds, of which 150 pounds are allocated for the experiments. The orbit has a 
nominal perigee of 150 nautical miles, a nominal apogee of 80,000 nautical miles, and a 
period of 63.3 hours. The orbit allows the OGO-A to traverse the radiation belts twice 
during each orbit and to make geophysical measurements from the region near the earth 
to cislunar space. A mission lifetime of one year is expected. A backup mission, 
OGO-By is planned in the event of catastrophic failure of the first. 

The OGO-A spacecraft contains subsystems for power supplies, active and passive 
thermal control, attitude control, communications, and data handling. The spacecraft 
structure (Figure 2-2) consists of a rectangular parallelepiped main body with appendages 
comprised of a two-panel solar array, two orbital plane experimental packages (OPEP), 
that provides mountings for atmosphere and ionosphere experiments which must be ex- 
ternal to and isolated from the main body. Besides the solar cells, each panel of the 
solar array contains a solar oriented experimental package (SOEP). The communications 
and data handling subsystems are of primary importance to data processing, Appendix B 
lists the experiments' names and numbers, their locations in the spacecraft, and the 
names and addresses of the principal experimenters. Figure 2-3 shows the Data Proc- 
essing Branch's organization. 

2.3 OGO-A DATA HANDI.J.NG AND TELEMETRY 

Figure 2-4 is a block diagram of the data handling and telemetry subsystem which is 
designed to acquire, process, store, and telemeter, on command, experimental and 
spacecraft data. The data handling and telemetry subsystem also generates timing sig- 
nals for the experiments and other spacecraft subsystems. The subsystem is a high- 
capacity digital and analog system which conditions, multiplexes, stores, and transmits 

Its design was based upon the criterion that the simplest practicable interface be used 
between the experiments and the data subsystems. The data handling and telemetry sub- 
system regulates three forms of data: (1) frequency division multiplexed data (special 
purpose telemetry), (2) time division multiplexed analog data (analog- to-digital converter 
and digital telemetry system), and (3) time division multiplexed digital data (digital 
telemetry system). 

.' data from the experiments and spacecraft subsystems to the data acquisition stations. 
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A single transmission line is the interface from a special purpose or analog experi- 
ment output to the data handling and telemetry system. The output of the experiment 
must remain within a zero to five volt range with an output impedance low enough that the 
measuring accuracy of the experiment will not be unduly affected by the input impedance 
of the data system. 

The digital data interface also allows various digital experiments to be conducted 
without requiring modification to the data handling and communications subsystem. All 
signal conditioning is performed within the experiments. Two types of synchronizing 
lines carry control pulses from the data system to the experiments. One type provides 
bit pulses, the other provides word pulses for control of each data multiplexer input. 
Thus, each experimenter has a choice to divide each experiment word or group of words 
as desired. 

2.3.1 Special Purpose Telemetry 

The special purpose, frequency division multiplexed, telemetry system is a wideband '( 

telemetry system for use by experiments which are incompatible with the time sharing 
features of the digital system. The special purpose system can accept five input signals 
within the frequency range of 300 cps to 100 kc whose amplitudes do not exceed 5 volts 
peak to peak. 
modulates a 400.85 mc transmitter having a 0.5 watt power output. Normally, the trans- 
mitter radiates continuously, but can be turned on and off by ground command. The 
waveforms from the experiments which are telemetered by the special purpose system 
can be of any form as long as all frequency components lie within the bandwidth of 300 cps 
to 100 kc. Frequency, phase, or amplitude modulation of the signals can be used because 
it is only necessary that the characteristics of the five input signals be chosen so  that 
they can be separated without interference after acquisition at the ground stations. There- 
fore, i t  is recommended that standard IRIG frequencies be used for subcarrier oscillator 
modulations in the experiment instrumentation. Note that special purpose data are  not 
stored in the spacecraft. These data are acquired only when real time telemetry is being 
acquired by the ground stations. 

2.3.2 Digital Data Processing 

These signals are  multiplexed and the composite signal amplitude phase 

Experimental data are  sampled, digitized, stored, and transmitted by the wideband 
telemetry system. Timing pulses are provided for the experiments and other electronic 
subsystems. A patch panel facilitates connection of the experiments to the wideband 
telemetry system. All data inputs are sampled sequentially. The analog data is con- 
verted to a binary form, and tape recorders store the binary data. Data transmission is 
performed by appropriate antennas and transmitters. 

,$ 

The communications and data handling subsystem is designed to permit the greatest 
possible flexibility in the design of experiments. Experiments with essentially analog 
signal outputs are converted to digital form by signal conditioning equipment; i. e., the 
varying experiment output voltage is converted to a range of from zero to five volts. 
Outputs which are essentially digital (Gieger-Muller Counters, etc. ) use digital techniques 
to process and condition the data. These data are  transmitted serially in a binary code to 
the data handling subsystem and synchronized with timing pulses. 

A patch panel is used to route the experimental data outputs to the data handling sys- 
tem. The panel contains terminals for all experiment outputs, data system inputs, and 
data timing signals. The telemetry format is assembled by interconnecting the terminals. 
Using the patch panel provides ease in initial formatting, a convenient point of access for 
a format change, and minimum interference with other spacecraft equipment. 
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Redundant data handling equipment is used to sample the input lines sequentially and 
convert analog to digital data. Normally, one equipment group provides an output to one 
of the two digital transmitters for real time transmission, while the other provides an 
output to one of the two redundant tape recorders for storage. The functions of the two 
redundant equipment groups can be reversed in case of a partial system failure. Al- 
though the analog and digital inputs are gated in separate subassemblies, the operation 
is the same as though there were five time division multiplexers. Each multiplexer is 
functionally equivalent to a rotary switch. "he main multiplexer sequentially samples 
128 inputs. Three of the main multiplex inputs are outputs from three submultiplexers, 
each of which in turn samples 128 inputs. Each submultiplexer sequences one position 
whenever the main multiplexer advances 128 positions, or one complete rotation. Thus, 
the main multiplexer is used for rapidly varying data, while the submultiplexers are 
useful for sampling more slowly varying data. Subcommutator 2 can be operated at the 
main multiplexer rate when the data from i t s  inputs are needed frequently, for example 
during appendage development and initial attitude acquisition. In this case, subcommu- 
tator 2 provides data directly to the transmitter or tape recorder, and the inputs to the 
other multiplexers are not processed. 

A flexible format multiplexer can be substituted for the other multiplexers on com- 
mand. This device permits the time division multiplexing of 32 different data lines in 32 
different sampling formats as selected by ground command. It  is provided for use when 
a few experiments require high sampling rates for relatively short periods of time. 

Each multiplexer contains both analog and digital gates, appropriately interspersed. 
Whenever an analog gate is energized, the analog voltage is converted by the eight-bit 
analog-to-digital converter. A digital signal bypasses this converter. 

The pulse code modulated data from the data handling equipment groups are  in the 
form of a non-return to zero or split phase code in which binary zeros are represented 
by 01 and ones by 10. The code provides a t  least one level transition for every bit re- 
gardless of the bit pattern to aid in bit synchronization during ground data processing. 

A sequence (a certain organized arrangement of data) in the digital data format con- 
sists of one cycling of the three submultiplexers and thus 128 cyclings of the main multi- 
plexer. Each cycle of the main multiplexer, or frame, results in the processing of 128 
words, or input samples. Each word consists of nine binary bits. Thus, one sequence 
includes one submultiplexer cycle, 128 main multiplexer cycles or frames, 16,384 
words, and 147,456 binary bits. The data handling bit rates can be set by ground com- 
mand at 1000, 8000, or 64,000 bits per second. Tape recording in the observatory is 
always done a t  1000 bits per second and tape recorder readout occurs a t  64,000 bits per 
second Depending on the requirements of the experiments, any of the three bit rates 
apply to real time digital telemetry. 

2.3.3 Digital Data Storage 

recovered from the OGO-A by a small number of ground receiving stations. Each of the 
recorders has a storage capacity of 43.2 million binary bits. The recording bit rate is 
1000 binary bits per second, depending on the mission; thus, the recorders can record 
for 12 hours. The two recorders can store sequentially to provide times up to 24 hours 
between readouts. Readout of one recorder can occur while data are being stored on the 
other to provide continuous coverage. Readout time is 11.25 minutes per recorder. The 
recorder tapes are reversed for readout, resulting in time reversal of data. During 
processing on the ground, time is returned to its correct sequence. 

Two redundant tape recorders store the digital data so that continuous data can be 
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2.3.4 Digital Data Telemetry Transmission 

The digital outputs of either of the two data handling equipment groups or either of 
the two tape recorders are  telemetered on ground command by either of the transmitters. 
Provision of command-controlled cross-strapping allows the full use of the extensive 
parallel redundancy to enhance reliability of the data handling system. 

One of the two digital wideband transmitters is energized upon receipt of a ground 
command. The telemetry system is automatically turned off by a timer approximately 
23 minutes after loss of the command carrier. One of the transmitters drives the omni- 
directional antenna, which is circularly polarized and has a gain of -3 db. The other 
digital transmitter drives the directional antenna which is circularly polarized and has a 
gain of +12 db. Normally the transmitter driving the directional antenna is used only when 
the transmission distance is greater than three earth radii. When the observatory is near 
the earth the omnidirectional antenna with i ts  greater beam width is used. It is not pos- 
sible to operate both digital transmitters simultaneously, but one digital transmitter and 
the special purpose transmitter may transmit simultaneously. If both digital transmit - 
ters should fail, or if a lower transmitter power is desired, then the digital data can be 
transmitted by the special purpose transmitter. The special purpose transmitter drives 
either the directional or the omnidirectional antenna through a command-operated switch. 

The power outputs of the digital wideband transmitters a re  four watts. The 400.250 
mc carriers are bi-phase modulated by the pulse code modulated data. The angle be- 
tween the two phases is adjusted to leave approximately 10 percent of the radiated power 
a t  the carrier frequency. 
ground receivers. 

This simplifies lock-on and tracking of the carrier by the 

, 2.3.5 Observatory Synchronization and Timing 

A central timing system provides high accuracy timing and synchronization for the 
entire observatory. 
having long term stabilities of one part  i n  l o 5  per year and short term stabilities of one 
part in lo6 per hour. Only one oscillator is used at a time so that all timing is derived 
from a single source. Countdown circuits provide signals for synchronizing the data 
handling subsystem and the tape recorders, for time reference in the experiments, and 
for synchronizing all power converters to minimize interference to VLF experiments. 
An additional register generates observatory accumulated time, which is recorded and 
telemetered with all digital data to serve as a prime data time reference. 

The basic timing sources are two redundant 256 kc crystal oscillators 

2.4 OGO-A COMMAND RECEPTION 

Two redundant AM command receivers operating at approximately 120 mc are fed 
from dipole omnidirectional antennas (see Figure 2-4). The dipoles are  crossed in a 
single assembly, thus providin polarized diversity reception. The receivers have 

of the audio sections are  11kc. oThe basic receiver noise figures are 4db. With an an- 
tenna noise temperature of 1000 K, the command noise power is -121dbm. The re- 
ceivers are  set to unsquelch at -115 dbm and, a t  the same point, relays operate to indi- 
cate the presence of a radio frequency carrier. Each receiver contains two AGC loops 
to permit operation over a wide range in signal strengths. 

33.15 mc and 7.3 mc interme 2 ate frequencies and bandwidths of 40 kc. The bandwidths 

The outputs of the two command receivers feed, in a parallel redundant fashion, two 
digital decoders and a single tone decoder. The squelch or failure detection circuits in 
the receivers maintain the input to the decoders at  a constant level, regardless of the 
number of receivers which are  operating. 
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The digital decoders permit the reception and proper routing of 254 separate com- 
mands. They operate on a frequency shift keying signal in which one frequency repre- 
sents a binary one. Each digital decoder can be addressed separately, but the output 
from a single decoder provides complete digital command capability. Outputs from the 
digital decoder operate relays arrayed in a 16 by 16 matrix. Two types of relays are 
used, power command and impulse command. Of the 254 commands, 104 are used to 
control the data handling, communications, power, attitude control, and thermal sys- 
tems, and initiate deployment of the appendages. The other 150 commands are re 
for the experiments. Fifty power relays, requiring separate on and off commands, pro- 
vide electrical power to the various experiments. Fifty impulse relays provide grounding 
of 50 control lines for approximately 50 milliseconds following execution of the proper 
commands. 

5 

The digital command words contain 24 binary bits. The first bit is always a binary 
one to provide synchronization. The next three bits contain the satellite and decoder 
addresses. The next two bits designate the mode of operation of the decoder, while the 
next eight bits contain the command and select the proper relay in the command distribu- 
tion unit. The complement to the two mode bits and eight command bits is retransmitted 
as a parity check. If the parity check succeeds, a command execute signal is generated 
to energize the proper command relay, and command execution is indicated in the telem- 
etered data. 

A limited number of important commands can be received as tone commands and de- 
coded in the relatively simple and highly reliable tone decoder. This sequential tone 
command system permits reception of real time digital data from the observatory a t  
secondary receiving stations without requiring that they have the complex digital com- 
hand generator. In addition, the tone command system permits limited observatory op- 
eration and data recovery if  the digital command system fails. 

2.5 OBSERVATORY TRACKING EQUIPMENT 

Tracking and data acquisition will be accomplished by the STADAN network special 
primary and secondary data acquisition stations and range and range-rate tracking sta- 
tions. Established computation programs will be used i n  the OGO-A program. 

The observatory tracking system components are shown in Figure 2-4. Three 136 mc 
interferometer beacon transmitters will provide a continuous tracking signal for the 
STADAN stations. One of the two redundant low power (100 mw) transmitters operates 
continuously except when the high power (10 watt) transmitter is energized. The high 
power transmitter, utilized only on missions with apogee distances greater than approxi- 
mately two earth radii, is controlled by a timer which turns the transmitter off 45 seconds 
after i t  is energized. The STADAN transmitters use the same crossed dipole omnidirec- 
tional antenna as the command receivers. A diplexer-coupler provides the necessary iso- 
lation between the beacon transmitters and the receivers. The antenna is circularly po- 
larized for beacon transmission. 

The OGO-A range and range-rate system utilizes a diplexed antenna, receiver, fre- 
quency multiplier, and transmitter. Signals at frequencies of approximately 2270 and 
2271 me are received from two ground stations simultaneously, converted, and retrans- 
mitted as 1.4 and 3.2 mc sidebands on a 1705 mc carrier. The received signals are phase 
modulated by range tones a t  frequencies of (500 kc, 100 kc, or 20 kc), 4 kc, 800 cps, and 
(160 cps, 32 cps, or 8 cps). The ground stations determine the range of the observatory 
by comparing the phases of the transmitted and received modulating frequencies. The 
range rate is ascertained by measuring the doppler shifts of the radio frequency signals. 
The use of two ground tracking stations simultaneously permits high accuracy trilateration 
of the observatory. 
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The overall goal of the tracking program is the determination of the observatory 
position a t  all times within a sphere of uncertainty having a radius of one km or less a t  
radial distances of less than 1000 km and of 100 km at radial distances of 17 earth radii. 
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SECTION 3 
OBSERVATORY TELEMETRY AND COMMUNICATIONS 

3.1 OBSERVATORY TELEMETRY SYSTEMS 

Data are collected by the 0 6 0- A  Observatory from both scientific experiments and 
spacecraft subsystems. (See Figure 2-4.) The majority of data thus collected are se- 
quenced, recorded or encoded, and transmitted to the earth over wideband PCM/PM 
telemetry. The remainder, called special purpose data, is transmitted over special 
purpose FM/PM telemetry. 

division multiplex sequence of the wideband PCM/PM data transmission path. The sam- 
pled data may be analog or digital in form. Analog data are converted to digital form in 
order that all sampled data will be digital. The sampled data are then either recorded 
for command playback or encoded for pulse code modulation of the wideband transmitters. 

The majority of data collected by the OW-A Observatory are  sampled in the time 

Real time data are  applied to one encoder and stored data from the tape recorders 
are  applied on command to the other encoder. All  data, whether stored or real time, 
a re  digitized before being applied to the encoders. The encoders, which are  identical, 
convert digitized data, by means of a non-return-to-zero code, into transmitter modula- 
tions to change the phase of the carrier by 180 degrees in accordance with the coded data. 
A series of encoded data changes is shown in Figure 3-1. 

The outputs of the encoders are applied through command-controlled switching cir- 
cuits to either or both of two redundant wideband transmitters. These all solid state de- 
vices operate at  an output power of 4 watts and transmit a frequency of 400.850 mc. 
Either transmitter may be selected by ground command. Also either transmitter may be 
connected to either antenna as the circumstances require. A high gain directional antenna 
is used a t  apogee while a turnstile array provides sufficient gain at perigee. 

The FM special purpose data transmission uses frequency division time multiplexing 
to handle experiments not adapted for digital sampling techniques. Five input signals 
within the range of 300 to 100,000 cps may be accommodated. (Two of these channels a re  
used for Experiment 8, See Appendix B. ) Sinusoidal real time experiment data are ap- 
plied continuously to the wide band special purpose transmitter which can be commanded 
on or off. A high gain directional antenna is used a t  apogee while a turnstile array pro- 
vides sufficient gain a t  perigee. 

3.2 PCM MULTIPLEXING 

Multiplexing of spacecraft PCM data is accomplished by two redundant equipment 
groups. One of these groups is normally connected to the real time communication sys- 
tem and the other is normally connected to the command playback portion of the space- 
craft recording system, In each group, the data format consists of a main frame of 128 
words and three subcommutator frames of 128 words each. Each word contains 9-bits. 
One subcommutator is for scientific experimental data and the other two are for space- 
craft subsystem data. 

second (kbs). The subcommutator frames operate at  1/128th of these rates except during 
launch, when one spacecraft subcommutator is accelerated to occupy main frame chan- 
nels. During this accelerated mode of operation, all data other than that in the acceler- 
ated subcommutator are  excluded from the telemetry. 

In the OGO-A, main frames can be commanded to operate at  1, 8, or 64 kilobits per 
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A s  indicated in Figure 2-4, equipment groups may be commanded to operate inter- 
changeably with the real time or the command playback systems. Also, either system 
may be commanded to operate interchangeably with either of the two wideband transmit- 
ters or the special purpose transmitter. 

3.2.1 Main Frame Format 

The basic 128-word data format, or main frame format, is the format for the two 
redundant major equipment groups. The format of equipment group 1 is identical with 
equipment group 2 except that word 101 is unused (blank) in equipment group 1 and con- 
tains data from experiment 15 in equipment group 2. Figures 3-2 and 3-3 illustrate the 
difference . 

An examination of the main frame format in Figure 3-2 or 3-3 will reveal that there 
are two classes of words: (1) words containing experimental data, and (2) housekeeping 
data words. These words may be either digital or analog in character depending on the 
nature of the experiment. A s  shown in Figure 3-2, the housekeeping word groups con- 
sist  of (1) synchronization words, (2) accumulated time words, (3) identification words, 
and (4) subcommutator words. 

3.2.2 Analog and Digital Data Words 

The majority of experiments and spacecraft subsystems require that the analog of 
the quantity under measurement be converted to digital form as a prerequisite to be 
telemetered. Some experiments are  such that sampled data may be obtained directly in 
digital form. For convenience such data are referred to as digital data while analog data 
converted to digital form are called analog data. Analog data words can be distinguished 
i n  Figures 3-2 and 3-3 where only eight of the nine bits i n  the telemetry word are used. 
The unused bit (marked i n  black) is the most significant bit. Digital data words use all 
nine bits. 

3.2.3 Synchronization Words 

The first  three word positions (words 1, 2, and 3) of the main frame are reserved 
for the synchronization word in each data frame. The synchronization word consisted of 
a 27-bit truncated autocorrelation code. (See Figure 3-4.) This code is placed in the 
first  three word positions of the main frame for ready recognition by ground processing 
equipment. This word establishes frame and bit synchronization. 

3.2.4 Accumulated Time Words 

Word positions 33, 34, and 35 i n  the main frame format are reserved for accumu- 
lated time words. (See Figures 3-2 and 3-3.) These words contain a flag bit, an unused 
bit, and 25 bits i n  sequence for accumulated time in seconds. (See Figure 3-5. ) 

The flag bit, when present, appears as a binary 1 and signifies that the time recorded 
in the flagged frame is accurate within known limits. This bit occurs in a frame when a 
1-second pulse updates the spacecraft clock register during i ts  readout period in bits 2 
through 9 of word 32. The 25-bit sequence is capable of recording more than 33 million 
seconds, a time period exceeding 1 year by several weeks. If the second bit position 
were used, double this amount of time could be accumulated. This sequence changes 
with each’frame at the 1 kilobit rate but repeats itself for a given number of frames a t  the 
8 and 64 kilobit rates. The appearance of flags during a sequence of frames presents a 
pattern of reoccurence i n  the number of frames between flags. This pattern is called a 
repeat pattern. Repeat patterns are  used in data reduction to identify more accurate 
clock readouts. 
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Figure 3-4. Format for Synchronization Words 

The second, third, and fourth columns in Table 3-1 provide descriptions of repeat 
patterns a t  each data rate, the accuracy in milliseconds of the time in the flagged frame, 
and the probability of occurrence of the pattern. 

Another set of patterns (interference patterns) occurs because the two equipment 
groups could operate out of synchronism with each other. The interference occurs when 
the two equipment groups operate nearly in synchronism. Interference is caused by the 
time overlap of the inhibit pulses when both equipments t r y  to read the accumulated time 
word from the spacecraft clock. The interference may cause false flags a t  1, 8, and 64 
kbs rates, and may cause a 12 millisecond inaccuracy at the 1 kbs rate. Accuracy of the 
clock readings, however, are not affected at the 8 and 64 kbs rate. Descriptions of the 
interference patterns, their occurrence in conjunction with repeat patterns a t  each data 
rate and the probability of occurrence of each are  given in the last two columns of Table 
3-1. 

3.2.5 Identification Words 

Main frame word positions 65, 66, and 67 are identification words. Words 65 and 66 
identify the equipment group currently processing main frame data. Word 67 identifies 
the other equipment group (See Figure 3-6). 
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Bit 
Rate 

1 

8 

64 

Table 3-1 

REPEAT AND INTERFERENCE PATTERNS 

Repeat Pattern 

Flag every 125 
frames 

Flag every 79, 
46*, 79, 46... 
frames 

Every 125 
frames 

Clock repeats 
readout for 6**, 
7, 7, 7, .. . for 
a total of 17-7's 
frames 

Flag every 500 
frames 

Clock repeats 
readout for 55, 
56, 55, 56***, 56 
55, 56,.. . 
frames 

Accuracy 
Millisec 

1t3.508 

f. 492 

It. 539 

i3.453 

i. 094 

*. 946 

Probability 

.877 

.123 

.137 

.a63 

.055 

.945 

* Flag at readout following 46-frame interval between flags 
** First new readout after 6th repeat sequence 

*** Last readout in aecond 56 repeat sequence 

Interference 
Pattern 

No pattern 

Flag every 
33, 46, 46 
frames 

No pattern 

Flag every 
264, 368, 
368 frames 

Flag every 
2112, 2944, 
2944 frames 

Probability 

* 953 

.047 

.789 

.211 

1.000 
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IDENTIFICATION OF DATA 
IDENTIFICATION OF DATA BEING PROCESSED BY 
EXAMINED IN THIS FRAME OTHER EQUIPMENT GROUP 

A 
/ \A 

NORMAL OR CROSS- REAL OR RECORDED REAL OR RECORDED 
STRAP OPERATION TIME TIME 

MODE OF 
OPERATION 

SPECIAL 
FORMAT 

SUBCOMMUTATOR SPECIAL 
WORD NUMBER FORMAT - -- 

7 BITS REPRESENTS ANY DECIMAL NUMBER BETWEEN 
0 AND 127 TO IDENTIFY ANY OF THE 128 WORDS 

GROUP BEING EXAMINED. 
1-7 IN THE SUBCOMMUTATOR OF THE EQUIPMENT ~ 

CONTAINS SAME INFORMATION IN WORD 
66 FOR THE OTHER EQUIPMENT GROUP. 

2-4 

I BIT 
I=COMMAND HAS BEEN EXECUTED (LAST 3 FRAMES) 
OtCOMMAND NOT EXECUTED OR NO COMMAND RECEIVED 

IN LAST 3 FRAMES 
El 

I BIT 
I =NORMAL CONNECTION 
0- CROSS CONNECTION 

5 BITS 
5-9 1 

I BIT 
=REAL-TIME DATA 

O=COMMAND PLAY BACK DATA 

lOO=NORMAL COMMUTATOR MODE 
010mACCEL. COMMUTATOR MODE 
001 =FLEXIBLE FORMAT MODE 

REPRESENTS ANY DECIMAL 5 BITS 
NUMBER BETWEEN 0 AND 
31 TO IDENTIFY ANY OF 32 
FLEX1 BLE FORMATS. 

I BIT 

3BlTS ~ 

Figure 3-6. Format for Identification Words 
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When the equipment groups are operating in the normal mode, the first 7 bits in 
word 65 identify the number of the subcommutator word being sampled in that frame. 
When the equipment is operated in the accelerated mode, the first  7 bit positions always 
contain the number 65. When the equipment is operated in the flexible format mode, the 
f i rs t  7 bit positions contain either the number 65 or the number 66. These facts are 
summarized as follows: 

. 

Decimal Equivalent Subcommutator 
of Binary Word Word Identified Mode 

Normal 0 - 127 1 - 128 

Accelerated 

Flexible Format 

64 

65 or 66 

65 

66 or 67 

Bit position 8 in word 65 contains a 1 through the operation of the execute relay when 
a command has been executed. This number appears for a period of three frames of the 
main commutator. Bit position 9 in word 65 contains a 1 when the equipment groups are 
i n  normal connection, that is, when equipment group 1 is connected for real time trans- 
mission and equipment group 2 is connected for command playback recording. This posi- 
tion contains zero when the connections are crossed. In word 66 bit position, 1 contains 
a 1 if the data i n  the main frame is real time data. It  contains a 0 if the data is command 
playback data. 

Bit positions 2 through 4 of word 66 contain a code indicating the mode of operation 
of the commutators. For the normal mode the code is 100, for the accelerated mode the 
code is 010, and for the flexible format mode the code is 001. 

Although the flexible format mode is built into the OGO-A commutating equipment, i t  
is not expected to be used except possibly to test the operation in that mode. Bit positions 
5 through 9 of word 66 contain a five digit binary number which will identify any of 32 
special formats chosen when the flexible format mode is used in later OGO missions. 
The use of bit positions i n  word 6'7 is the same as that in  word 66 except that the entire 
word identifies data being processed by the equipment group not identified in the current 
frame; that is, whatever bit configuration is seen i n  word 66 of the other equipment group 
- will be seen in word 67 of the current equipment group. 

3.2.6 Subcommutator Words 

Main frame word positions 97, 98, and 99 are subcommutator words. Through these 
words the main commutator samples the three subcommutators. Each time the main 
commutator goes through a cycle of operation (frame), each subcommutator samples one 
word in i ts  128-word frame, therefore 128 main frames must pass. The main commuta- 
tor must sample main frame words 97, 98, and 99 one hundred and twenty eight times in 
order to sample all subcommutator words. Words 97, 98, and 99 contain data from sub- 
commutators 1, 2, and 3 respectively. 

3.3 SUBCOMMUTATOR 1 (EXPERI 

Subcommutator 1 in each equipment group contains experiment data which does not 
require as fast a sampling rate as that furnished by the main commutator. The two ex- 
periment subcommutators have different data formats as shown in Figures 3-7 and 3-8. 
Some redundancy exists between equipment groups. 
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NOTE; EACH WORD CONSISTS OF NINE BITS; 
UNUSED BITS ARE SOLID. 

Figure 3-7. Format for Subcommutator 1 (Equipment Group 1) 

3-9 



NOTE; EACH WORD CONSISTS OF NINE BITS; 
UNUSED BITS ARE SOLIDS. 

Figure 3-8. Format for Subcommutator 1 (Equipment Group 2) 
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3.4 SUBCOMMUTATORS 2 AND 3 (SPACECRAFT SUBSYSTEMS) 

Period of OGO-A Life 

Launch and acquisition 

Orbit: first month 

Orbit last eleven months 

Alerts over entire orbit life 
- 

Subcommutators 2 and 3 in each equipment group contain data gathered from the sub- 
systems of the spacecraft. The formats of data for the two subcommutators for equip- 
ment group 2 are shown in Figures 3-9 and 3-10. Mainly, there is redundancy between 
equipment groups. See Appendix C for further details. 

, 

~ 

PCM Data Acquisition Rates 

1 kbs 8 kbs 64 kbs 

Percent of Time 

0 0 100(,) 

loo* 30 10 

loo** 20 5 

0 6 0 .5  

3.5 DATA TRANSMISSION AND STORAGE RATES 

Data produced for transmission on a real time basis may be commanded to transmit 
a t  either 1, 8, or 64 kbs. Data produced for storage is recorded on magnetic tape a t  1 
kbs. During playback the stored data is transmitted a t  64 kbs i n  reverse order as the 
tape rewinds. Each recorder has a capacity of 43.2 million bits which, at  the 1 kbs rate, 
is equivalent to 12 hours recording time, or a total of 24 hours using each recorder suc- 
cessively. Playback at the 64 kbs rate requires 11-1/4 minutes per recorder. 

3.6 DATA ACQUISITION DURING OBSERVATORY LIFE 

The data acquisition lifetime of OW-A consists of a pre-orbit period, or launch and 
acquisition phase, and an orbit life phase lasting 1 year, The orbit life is divided into the 
f i rs t  month and the last eleven months. During the launch and acquisition phase, only 
real time data from subcommutator 1 are transmitted to ensure complete subsystem cov- 
erage. These subsystem data are transmitted in the accelerated mode at 64kbs. The 
format for subcommutator 1 in the accelerated mode is shown in Figure 3-11. 

During orbit both stored and real time data a re  produced. During the first  month 
real time data are transmitted at 64 kbs for 10 percent of the time and a t  8 kbs for 30 per- 
cent of the time. This means that during the first orbit month, real time data are trans- 
mitted 40 percent of the time. During the last eleven months, real time data are  trans- 
mitted at 64 kbs for only 5 percent of the time and, a t  8kbs, for only 20 percent of the 
time, so that the total real time data transmission time is only 25 percent. Stored data 
during orbit may be produced up to 100 percent of the time. (See Table 3-2.) 

TABLE 3-2 

ESTIMATED PERCENT OF TIME OW-A ACQUIRES 
DATA AT EACH COMMUTATION RATE 
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NOTE; EACH WORD CONSISTS OF NINE B I T S ;  
UNUSED BITS ARE SOLID. 

Figure 3-9. Formot for Subcommutator 2 (Equipment Group 2) 

, 
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NOTE: EACH WORD CONSISTS OF NINE BITS; 
UNUSED BITS ARE SOLID. 

Figure 3-10. Format for Subcommutator 3 (Equipment Group 2) 
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NOTE: EACH WORD CONSISTS OF NINE BITS j 
UNUSED BITS ARE SOLID. 

Figure 3-1 1. Accelerated Mode Format for Subcommutator 2 

, 

3-14 



During orbit life as many as 24 alerts, two per month, are performed. In an alert 
the observatory is commanded to transmit for 1 hour at 64 kbs and for 11 hours a t  8 kbs 
for a total of 12 continuous hours of real time data transmission. The estimatedpercent 
of the orbit lifetime consumed by alerts is about 6.5 percent. (See Table 3-2.) 
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SECTION 4 
GROUND DATA ACQUISITION SYSTEM 

4.1 DATA ACQUISITION NETWORK 

Tracking and data acquisition are accomplished by the Space Tracking and Data Ac- 
quisition Network (STADAN). This network consists of special primary and secondary 
data acquisition stations and range rate tracking stations. The STADAN stations are 
equipped for interferometer tracking and, according to established tracking priorities, 
track spacecraft such as the OGO-A. Scientific data is acquired on analog tapes and sent 
to the Data Processing Branch for evaluation, reduction, and further processing. 

The main differences between primary and secondary stations are the antennas and 
the command capabilities. The antennas a t  primary stations a r e  85 feet in diameter while 
the secondary station antennas are  40 feet in diameter. Primary stations have digital 
command as well as  tone command capabilities, while secondary stations have tone com- 
mand capabilities only. 

modulate, and record on analog tapes wideband PCM/PM and special purpose FM/PM 
telemetry data transmitted by the OGO-A. Receive from WWV the scientific standard 
time code signals and generate from them the NASA serial decimal and BCD time code 
signals for recording on analog tapes. Send the satellite data recorded on analog tapes to 
the Data Processing Branch. Command the satellite by means of digital or tone commands 
to playback stored data; use the appropriate data handling system; change the data bit rate; 
qhange the commutation (accelerated subcommutator, normal, or flexible format), com- 
mand antennas, transmitters, commutator equipment groups, and experiments. Commu- 
nicate with Goddard Space Flight Center by means of teletype. Prepare analog tape sta- 
tion logs (see Figure 4-1), and a cumulative analog tape report (see Figure 4-2). 

For the OGO-A mission, the primary station functions are as follows: Receive, de- 

The general functions of the secondary stations are the same as the primary stations 
except for not having a digital command capability. The main functions of the mobile sta- 
tions are to track the observatory during the launch and injection into i ts  orbit. 

4.2 STANDARDS FOR DATA ACQUISITION 

Since the amount of space data suitable for processing is directly affected by the re- 
cording techniques of the ground station, a set  of NASA standards for magnetic tape re- 
cordings has been established. The following rules for ground stations shall be adhered 
to in recording OGO-A data. 

There shall be no gaps in telemetry data on any analog tape, and no attempt shall be 
made toiconserve tape by recording data from another pass on a partially filled reel. If 
a satellite pass ends and the reel is only partially filled, no further recording is to be 
made on that tape. 

There shall be no mixing of data rates, or real time data, or command-playback data 
on one tape, unless the mixture happens during the one-minute overlap period that occurs 
when a new tape is started. A s  an example, i t  would be proper to command the satellite 
to change from the 64 kbs data rate to the 8 kbs data rate under the following conditions: 
(1) the first recorder has only one minute of recording time left, (2) the second recorder 
has been started, and (3) a t  thirty seconds before the duration of recording time ends the 
satellite is commanded to change rates. Thus, there would be 30 seconds of 8 kbs data on 

1 
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N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  

MAGNETIC TAPE LOG 

Date 

Satellite(.) Name 

Tape No. 

Make Recorder 

Geodetic Coordinates 

AILED TO: 

P - Pulse Width 

N - Nan-returhto-zero 

Cumulotive Msg. DTG. 
~ ~ 

PASS PREDICT START STOP TAPE S,NPO LLNK (RF) MiNS EQUIP. OPER. TAPE 
FREQ. DATA PARA. PARA. MAILED NO TIME TIME TIME NO. 

I I I I I I I I 1 I 

EQUIPMENT PARAMETERS OPERATIONS PARAMETERS 

ADDITIONAL REMARKS c 

Figure 4-1. Analog Tape Station Log 

4-2 
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Command Playback 
64 kbs (PCM/PM real time) 
8 kbs (PCM/PM real time) 

STS028 

30 ips 11.25 minutes 
30 ips 14 minutes 

3.75 ips 112 minutes 

RR GNET GPRK GSTS 

151 18542 
DE GLGE 619 

INFO GSTS/CODE 536 

R E F  1963 38C CUMULATIVE TAPE REPORT. 
3758 050307 625755 031635 3383M144 55555 136.652 19 BCFGJ 2 GSFC 
3779 061627 161860 163655 3383M145 55555 136.652 18 BCFGJ 2 GSFC 
3785 076326 031745 033635 3383M145 55555 136.652 19 BCFGJ 2 GSFC 
3798 080243 023355 024900 3383M145 55555 136.652 11 BCFGJ 2 GSFC 
3812 090346 033730 035615 3383M146 55555 136.652 19 BCFGJ 2 GSFC 
3832 101519 151006 152905 3383M146 55555 136.652 19 BCFGJ 2 GSFC 
3839 110406 035715 041548 3383M146 55555 136.652 17 BCFGJ 2 GSFC 
3845 111436 142645 144530 3383M147 55545 136.652 18 BCFGJ 2 GSFC 
3865 1316238 $23003 624820 3383M147 55555 136.652 18 BCFGJ 2 GSFC 
3906 151703 165510 171230 3383M147 55555 136.652 17 BCFGJ 2 GSFC 
REMARKS: 
REV 3758 WWVH 15MC 
REV 3798 DATA DEGRADED FROM 8245402 TO 0249002 DUE TO ERRATIC 

REV 3832 WWVH 10MC 
OPERATION O F  TAPE RECORDER. WWVH 15MC 

REV 3839 WWVH 15MC 
REV 3845 WWVH 5MC 
REV 3865 AND 3900 WWVH 15MC 

15/19012 J U L  GLGE 

~~~ ~ 

Figure 4-2. Teletyped Cumulative Analog Tape Report 

the 64 kbs reel and 30 seconds of 64 kbs data on the 8 kbs reel. There shall be no record- 
ing of command playback data on more than one reel of tape. (The exception to this is 
that more data are recorded when both spacecraft recorders a r e  commanded to playback 
in sequence than can be recorded on one reel of station magnetic tape.) There shall be no 
changing of the tape-speed switch during the recording of any one tape. There shall be a 
limit to the amount of data recorded on original analog tapes. The duration of recording 
time per reel shall be recorded. Both points are  vital to efficient operation of the analog- 
to-digital conversion process. Tape speeds and the maximum duration of recording time 
at each data rate shall remain constant for the life of the satellite. Recommended values 
a re  listed in Table 4-1. 

TABLE 4-1 

Maximum Duration 
of Recording Time I Analog Tape Speed 
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Furthermore, there shall be no mixing of PCM and FM data. Analog tapes made 
from special purpose (FM/PM) data are treated a t  the Data Processing Branch as if they 
were obtained from a separate satellite. It  is important that no attempt be made to inter- 
leave data from special purpose (FM/PM telemetry and wideband PCM/PM) telemetry on 
the same tape. 

The magnetic tape used by the data acquisition stations and the Data Processing 
Branch shall consist of oxide coated mylar material that is 1.5 mil thick, 0.5 inch wide, 
and 2400 feet long, mounted on 10.5 inch reels. Ampex, model FR-607, tape recorders 
were selected for the recording of data. Table 4-2 contains the OGO-A schedule for the 
analog tape recording. 

TABLE 4-2 

ANALOG TAPE RECORDING SCHEDULE 

Operation 

Launch 

Storage 
Playback 
1 year 
(Data pre- 
sented in 
reverse order) 

Real time 
(First Month) 

Real time 
(last eleven 
months) 

Alerts 
(an average 
of 12 hrs  
alerts per 
month 
for one year) 
12 hrs. of 
continuous 
acquisition 

Orbital 
Coverage 

(%) 

100 

30 
10 
36 
4 

20 
5 

22 1/2 
2 1/2 

1 hr. 
11 hr. 

1.2 hr. 
10.8 hr. 

Telemetry 
System 

PCM/PM 

PCM/PM 

PCM/PM 
PCM/PM 
FM/PM 
FM/PM 

PCM/PM 
PCM/PM 

FM/PM 
FM/PM 

PCM/PM 
PCM/PM 

FMIPM 
FM/PM 

64 

64 

8 
64 

8 
64 

64 
8 

Analog 
Tape Speed 

(ips) 

30 

30 

3.75 
30 
15 
30 

3.75 
30 

15 
30 

30 
3.75 

30 
15 

Max. Duration 
of Recording Time 
for Analog Tapes 

(Minutes) 

14 

11.25 

112 
14 
32 
16 

112 
14 

32 
16 

14 
112 

12 
16 

I 
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Table 4-3 shows the estimated total number of analog tapes recorded by each station. 

Station 

Rosman 

Fair banks 

Qui to 

Johanneburg 

Darwin 

TABLE 4-3 

10-1/2 Inch 
Reels per 

Mission (1 Year) 

2404 

2404 

1980 

1980 

848 

4.3 ANALOG DATA 

The data acquisition stations record four general types of data on analog tapes: (1) 
satellite data which includes experimental and subsystem data from the satellite and AGC 
information from the telemetry receivers; (2) time data, which includes 10 kc reference, 
BCD, SD, and WWV times; (3) command data which consists of encoded commands, both 
digital and tone; and (4) operations voice commentary, which consists of db calibration, 
end of tests, data interruptions, end of data, satellite and tape identification, etc. These 
data, their track assignments, and format a re  discussed in following paragraphs. 

4.3.1 Satellite Data 

The satellite data is transmitted to the data acquisition stations as shown in figure 
4-3. Wideband PCM/PM and special purpose FM/PM telemetry signals are  acquired 
from the satellite, demodulated, and recorded on analog tapes. AGC is also recorded 
along with the satellite data which is used during tape evaluation to determine the signal- 
to-noise ratios of the received telemetry signals. 

4.3.2 Time Data 

Time data is obtained by means of a station time standard which is calibrated from 
WWV's international scientific time standard radio transmission. Calibrations are  made 
once per day to minimize time variations caused by the ionospheric changes. The time 
delay caused by radio propagation from the transmitter at  Goddard Space Flight Center to 
the data acquisition station is included in the time data recorded on the analog tape. The 
delay, however, is later compensated for by the time correction program when the data 
is processed at the Data Processing Branch on the Univac 1107. The station time stand- 
ard produces a 10 kc reference signal, the NASA binary coded decimal (BCD) time, and 
the NASA serial decimal (SD) time. These three times and the WWV time are sent to the 
analog tape recorders. 

4.3.2.1 NASA Binary Coded Decimal and Serial Decimal Times 

decimal (BCD). time codes. These codes are generated at the ground stations from station 
Shown in Figure 4-4 are  the NASA serial decimal (SD) and the NASA binary coded 
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NASA SflL4l  MCYLU 1Wf COM 

2 SKONM 1 4 9 3 S1AlK)N 
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~ R N S  or MINURS imv 
SfCOhV 

TTMOFDAYS 7 .rf-;a 

I MAaK '0 SYNC WLSf 

I 

Figure 4-4. NASA Time Codes 

time standards. In the BCD time code, special attention is called to the tape identifica- 
tion and station data word. Through this word are subcommutated 20 characters of BCD. 
These characters identify the tape and the station a t  which i t  was recorded by means of 
the format shown in Table 4-4. 

TABLE 4-4 

FORMAT OF ANALOG TAPE IDENTIFICATION 

Character 
number 

1 - 5  

6 - 7  

8 - 10 

11 - 14 

. 15 - 18 

19 - 20 

AND STATION DATA 

Name of Word 

Satellite Project Number 

Year of Recording, starting from 1900 

Station Number, where recording was 
made 

Analog Tape Number 

Spares 

Binary Zeros 
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' 4.3.2.2 WWVs Special Standard Time Code 

The special WWV time code propagated by the National Bureau of Standards for use 
in worldwide scientific observations is recorded as a standard for checking the other time 
contained on the analog tape. A s  shown in Figure 4-5, WWV signals are in the form of a 
36-bit 100 pulse per second time code, carried on 1000 cps modulation, on all WWV's 
carrier frequencies of 2.5, 5, 10, 15, 20, and 25 mc. The code is broadcast for l-min- 
ute intervals, ten times each hour. Time of year information (Universal Time) given in 
seconds, minutes, hours, and day of year (which is locked in phase with the frequency 
and time signals) is given. The code is binary coded decimal, consisting of 9 binary 
groups each second in the following order: 2 groups for seconds, 2 groups for hours, and 
3 groups for day of year. Code digit weighing will be 1, 2, 4, and 8 for each group, mul- 
tiplied by l, 10, or 100. The code will be a space code format; that is, a binary group 
follows each of the 10 per second index markers. The last index markers are followed 
by a presently unused 4-bit group of zero pulses just preceding the 1-second reference 
marker. The zero p 

. 
I 

s are 2 milliseconds wide; that is, 2 cycles at  1000 cps. 

a 

1 w W" START OF EACH HOUR 

TIME CODE O N  WWV 

UOSPS TONE 

16001 6oo-CPS TONE 

XOINARY DIGIT, im-pps CODE 

. I  

1W PPS CODE ( EXPANDED TIME XALE 1 

I O  MSEC 
36 BINARY DIGIT, IW-PPS CODE ( IOW-CPS CARRIER) 

(WITHOUT 100-PPS INDEX MARKERS ) 

"I " PULSE 

23 MINUTES IO HOURS DAY I21 

0-ONE-SECOND REFERENCE MARKERS 
X - 0.1-SEC. INDEX MARKER 
t - IW-PPS INDEX MARKER 
* - UNUSED BIT 

REFERENCE TIME I S  DAY 121, 10 HOURS, 23 MINUTES, M SECONDS 

36 BINARY DIGIT, IW-PPS CODE 

Figure 4-5. W V  Scientific Standard Time Code 

4.3.3 Command Data 

The two primary data acquisition stations receive commands from Goddard Space 
Flight Center via teletype. These stations then transmit the commands to the satellite 
and simultaneously record them on the wideband PCM/PM analog tape. (Appendices B 
and C provide additional information on digital and tone commands. ) - Those commands 
which cause a transition of data mode, or cause a change in telemetry format are pro- 
grammed by the station to occur during the one-minute overlap period, which is when the 
primary tape being recorded is within one minute of its maximum duration of recording 
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time and the second tape has just been started. There may be occasions, however, when 
a command must be sent before a tape is filled. Then the tape must be interrupted and a 
new tape started to comply with the requirement of recording only one mode or one for- 
mat on a reel of tape. 

4.3.4 Voice Commentary Data 

. .  

1. 

I 
At the data acquisition station, the tape recorder is equipped with a microphone for 

use by the station operator. The operator can instruct the processor of the analog tape 
by voice commentary about breaks in the data, calibrations, identification, starts and 
ends of data, etc. 

4.3.5 Format of Analog Tape 

The track assignments for recording the OGO-A analog data are shown in Table 4-5. 
The unusually high amount of data required by 0 0 - A  required the use of 8 tracks on the 
analog tape, the eighth track is a special adaptation that uses the edge of the analog tape. 
Table 4-6 shows the track assignments for special purpose data. 

All  analog tapes recorded by the data acquisition stations shall be given a serial num- 
ber in accordance with the following: (1) all command playback (PCM/PM) analog data 
tapes shall be numbered consecutively starting with number 0001; (2) all real time PCMI 
PM analog tapes shall be numbered consecutively starting with number 1001; and (3) all 
special purpose FM/PM analog tapes shall be numbered consecutively starting with 
number 5001. 
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TABLE 4-5 

TRACK ASSIGNMENTS FOR RECORDING 
OF OW-A PCM DATA 

Track 

1 

2 

3 

4 

5 

6 

7 

8 (Side Track) 

Infor ma tion 

Receiver AGC Multiplexed with 10 Kc 

PCM Detected Output of Tracking Filter 

PCM Conditioned Signal 

Binary Coded Decimal Time 

PCM Clock 

Serial Decimal Time Code 

Commands 

Voice Commentary and WWV 

TABLE 4-6 

TRACK ASSIGNMENTS FOR SPECIAL PURPOSE DATA 

Track 

1 

2 

3 

4 

5 

6 

7 

8 (Side Track) 

Information 

Receiver AGC 

BCD Time 

FM Detected Output of Tracking Filter 

Standard 10 Kc Reference Signal 

Standard 10Kc Reference Signal 

SD Time 

Voice Commentary and Commands 

wwv 
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SECTION 5 
OW-A DATA PROCESSING 

5.1 DATA PROCESSING BRANCH 

b 

The Data Processing Branch receives analog data tapes from the acquisition stations 
and processes these data according to requirements. The major data processing func- 
tions performed at the facility are as follows: Analog tapes are received and evaluated. 
The evaluation results are reported to the Operations Branch as a check on station re- 
cording techniques. Data are  converted from analog to digital on buffer tapes in a form 
which is compatible for further computer prucessing. The digital data are checked on 
the Univac 1107 with specially suitable quality control programs. Universal time is cor- 
rected on the same computer with time correction programs. Master binary edit tapes 
are also generated and decommutated into separate decommutated tapes for experimen- 
ters and spacecraft engineers. Special purpose data is also processed on special proc- 
essors and quality checked on the IBM 7010. Orbit-attitude tapes are generated. Satel- 
lite command information is extracted from data tapes and stored on punch cards for 
further processing. Analog tapes and master binary edit tapes are stored, and decom- 
mutated tapes, command cards, orbit attitude tapes, and special purpose tapes are 
shipped to the experimenters. 

The Data Processing Branch has undergone more than a twofold increase in size to 
handle the large volume of OGO data. The three major channels of the data processing 
flow are shown in Figure 5-1. With experiment data as inputs, the outputs are informa- 
tion on punch cards, magnetic tapes, printouts, and plots. Orbit data, consisting of 
interferometer, range, and range rate data from the tracking stations are  received and 
processed separately from the PCM analog data. Special purpose data are also proc- 
essed separately from the PCM analog data. The PCM analog tapes are first evaluated 
to determine the quality of the information recorded, then converted to digital tapes in 
the Satellite Telemetry Automatic Reduction System (STARS). The digital buffer tapes 
are further processed on large-scale computers. 

5.2 PCM ANALOG DATA PROCESSING 

Within the Data Processing Branch are the Analog Data Accounting Office and the 
Production Control Center. Raw PCM analog tapes sent from the ground stations are re- 
ceived by the Analog Data Accounting Office which supervises the handling of tapes and all 
operations performed on them during processing from the time of receipt to the time of 
retirement to the OGO-A archives. The Production Control Center coordinates and 
schedules workloads for the processing lines. Its primary functions in analog accounting 
are: (1) to schedule analog tapes for processing and storage, and (2) to maintain current 
records on all tapes received, processed, and stored. 

For quick look processing of the OGO-A data, microwave links transmit real time 
data from Rosman and Fairbanks to the Goddard Space Flight Center. The function of 
quick look processing is for quick evaluation of the spacecraft and its subsystems. This 
service provides information which permits rapid issuance of commands so as to allow 
experimenters to take advantage of temporary phenomena and to permit subsystem engi- 
neers to optimize control of the subsystem functions. Details of the quick look program 
are given in Section 7. 

The essentials of PCM analog processing are illustrated in Figure 5-2. The tapes, 
either real time or command playback, are first  evaluated to determine whether the re- 
corded information is acceptable and to what extent i t  is suitable for processing. After 
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Figure 5-2. Analog Data Processing Flow Chart 

evaluation, time data, command data, and experiment and subsystem data are  extracted 
for separate processing actions. Command data are  separately processed in the com- 
mand reduction system. Time data and experiment and subsystem data are merged again 
in the buffer which produces the digital buffer tape. 

5.2.1 Handling of Analog Tapes 

At the data acquisition stations, each analog tape is 
identified and packaged prior to being mailed to Goddard 
Space Flight Center for processing. An alphanumeric 
code is punched into both ends of the tape and the tape is 
wound on a reel identified by the adhesive backed label 
shown in Figure 5-3. The reel is then placed inside of a 
can similar to that used for motion picture film. A mag- 
netic tape log form (Figure 4-2) is filled out and placed 
inside the can with the reel. This form always stays 
with the tape. The mating halves of the can are then 
closed and sealed around the rim with pressure sensitive 
tape. Each can is separately packaged in a reusable 
corrugated cardboard carton. Large quantities of tapes 
are packaged by the dozen in corrugated cardboard boxes. 
Smaller quantities, however, may be placed in their in- 
dividual cartons in mail bags. All are addressed to the 
Analog Data Accounting Office, Code 545, Goddard Space 
Flight Center, Greenbelt, Maryland 20771. 

Upon receipt, analog tapes are  inspected by the Ana- 
log Data Accounting Office. This inspection consists of 

Figure 5-3. Reel Identification 
and Carton Label 
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removing the cans from the cartons, opening the cans, and checking the magnetic tape 
log form against the reel label, the carton label, the teletyped cumulative analog tape 
report (Figure 4-2) and the teletyped equator crossing report (Figure 5-4). When the 
inspection is complete, an analog tape documentation card (Figure 5-5) is punched, 

During data processing, the analog tapes are stored in  the analog tape storage area 
adjacent to the Analog Data Accounting Office. When all phases of processing have been 
completed for a particular set  of analog tapes, and after shipment of the associated end 
data to the experimenters, the analog tapes are  sent to the Federal Records Center in 
Alexandria, Virginia where they are kept as OW-A archives. Retrieval of tapes from c 

the archives can-be accomplished in a week or less. 

STSbl6 

RRAOBKAOOMGAGOGAPUGBPTGBURGFLDGLGEGNTPGPRKGQUlGRKSGSAO 
GSPE GSTS GULA GYRS JAVE LWNK 

BK 
181 6445 Z 
F M  SPACECONN NASA GREENBELT MD 
TO GSPE/NAVSPASUR DAHLGREN VA 

SECTION TWO OF TWO EQUATOR CROSSINGS FOR 64151 640720 

DEGPUT 004G 

EPOCH 64 07 07 00 60 00000 
DA HRMNSC 
25 005004 
25 623105 
25 041205 
25 055306 
25 073406 
25 091587 
25 105607 - 
25 123708 - 
25 
25 
25 
25 
25 
25 
26 
26 
26 

LONG 
145.44 
119.83 
094.22 
068.62 
043.01 
017.40 
008.21 
033.81 

HEIGHT 
012094 
012108 
012121 
012134 
012147 
012161 
012174 
012187 

PASSNR 
61699 
01700 
01701 
01702 
01763 
01704 
01705 
01706 

141868 - 059.42 012200 01707 
155969 - 085.03 012213 01708 
174609 - 110.64 612226 01769 
1921169 - 136.25 612239 01710 
218210 - 161.86 012251 81711 

- A 5 1 7  C73.06 
r 28 061617 847.46 

28 
28 
28 
28 
28 
28 
28 
28 
28 - 

675717 821.85 
693817 - 003.75 
111917 - 829.35 
136017 - 054.96 
144117 - 080.57 
162216 - 106.18 
180316 - 131.78 
194416 - 157.39 
212516 177.60 

012635 01744 
812645 01745 
012655 61746 
012665 01747 
012676 01748 
012686 01749 
012696 01756 
012706 81751 
012716 01752 
012726 01753 
012736 01754 

Figure 5-4.- Teletyped Equator Crossing Report 
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5.2.2 Analog Data Accounting 

Analog data accounting begins with 
the inspection of incoming analog tapes 
by the Analog Data Accounting Office. 
This inspection results in the prepara- 
tion of a key record, the analog tape 
documentation card (Figufe 5-5). This 
card provides all necessary information 
to identify, locate, and determine the 
status of processing of each analog tape. 
After inspection the f i rs t  53 columns are 
punched (excluding unused columns) and 
the last column which identifies the card. 
These columns provide all necessary in- 
formation for positive identification of 
the tape and other information used dur- 
ing processing. When the tape is sent 
through the evaluation process, the next 
seven columns (columns 54 through 62 
excluding unused columns) a re  punched 
to add the code and date of the evaluation. 
Next, when the tape goes through the con- 
version process to produce a digital buffer 
tape, the next seven columns (columns 63 
through 70 excluding unused columns) are 
punched to add the date of conversion and 
the conversion line used. Finally the tape 
is stored and the next seven columns (col- 
umns 71 through 77) are  punched to give 
the location and date of storage. 

I a SATELLITE 

STATION 
I) 

REDUNDANCY 

DATESTOREO 

I 7 s  
7 LOCATION OF TAPE 

?E ANALOG F I L E  NUMBER CARD 
I O  I O-F:/L;TlCATION 

I ..a ... I"- 

* UNUSED COLUMNS 
* e  YEAR OF DECADE 

Figure 5-5. Analog Jape 
Documentation Card (Card 1 )  

The Analog Data Accounting Office processes daily accumulations of analog tape doc- 
umentation cards to produce an analog tape listing. This listing is in the order of the 
code names of the source ground stations and, within that order, in the numerical order 
of the tape numbers. The analog tape daily listing is prepared for the Production Control 
Center for use in production scheduling. 

To monitor incoming shipments of analog tapes, the Analog Data Accounting Office 
maintains a status board, (See Figure 5-6). The ordinates on this board are three-letter 
codes for each of the ground stations and the abscissae a re  code designations for each of 
the projects. The number of the latest tape received from each station for each project 
is entered as each shipment of tapes arrives. This display helps the Analog Data Account- 
ing Office to discover gaps in tape numbers which may occur between shipments of tapes. 

To provide weekly and monthly listings of analog tapes received, a master tape is 
prepared from analog tape documentation cards and digital tape documentation cards. 
(Digital tape edit and decommutation cards are explained in Sections 6 and 7.) The mas- 
ter tape is updated weekly-and is processed on a computer to produce weekly and monthly 
listings. The weekly listing, the analog tape station-by-station listing (Figure 5-7), 
is arranged in the format of the daily analog tape listing; that is, alphabetically by station 
code and numerically by tape nurqber. It is prepared for use by the Production Control 
Center and the Analog Data Accounting Office. The monthly listing, the combined analog 
tape and digital tape chronological listing (Figure 5-8) is arranged in the chronological 
order of the universal time of recording. This listing is prepared for distribution to the 
satellite project office, the Production Control Center, and the Analog Data Accounting 
Office. 
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S4F ANALCG S T A I S T A  L I S T I N G  . PAGE C C 9  

SAT STA TAPE GATE PASS iNfRNAL START STOP 
COOL TIME TIWE NO RECORU NO 

549 RCS 1411 650321 GO75 
549 ROS 1473 650321 C075 
549 ROS 1474 650321 0075 
5 4 9  ROS 1476 650321 0075 
549  ROS 1477 650321 GO75 
544 ROS 1480 650321 0075 
S44 RCS 1482 650321 0075 

S49 ROS 1484 050321 0075 
545 ROS 1461 650321 0075 

5 4 9  ROS icao 650321 0075 

549 RCS 1486 650322 0075 
5 4 9  m s  1487 650322 0075 

549 ROS 1490 650322 0074 

549 ROS 1488 650322 0075 
549  ROS 1489 650322 0075 

5 4 9  ROS 1491 650322 C075 
5 4 4  ROS 1492 650322 0075 
5 4 9  ROS 1495 650324 0076 
5 4 9  ROS 1498 650324 OC76 
549 ROS 1500 650324 0076 
549 ROS 1501 650324 C076 
549 RCS 1502 650324 0076 
5 4 9  ROS 1504 650324 C076 
549 ROS 1506 650324 0076 
549 ROS 151% 650324 C076 
549 ROS 151I 650324 C076 

549 ROS 151Y 650324 0076 
S49 ROS 1518 650324 C076 

549 ROS 1520 650324 0076 
549 ROS 1521 650324 0076 

549 RGS 1523 650324 0076 
549 ROS 1524 650324 0016 
549 ROS 152% 650324 GO76 
549 R O S  1526 650324 0076 
549 ROS 1527 650324 C076 
549 ROS 1528 650324 0076 
S49 ROS 1529 650324 0076 
S49 ROS 1538 650325 C076 
S49 ROS 1531 660325 0076 
549 ROS 1532 65032s GO76 
549 ROS 1533 650326 0074 
S49 ROS 1534 650326 GO76 
549 ROS 1531 650326 0076 
549 ROS 1540 650326 C076 
549 ROS 1542 650327 0077 
549 ROS 1543 640127 0077 
S49 ROS 1544 660327 GO77 
549 ROS 154% 650321 0077 
349 ROS 1546 650327 0077 

549 ROS 1548 650327 0077 
549 ROS 1549 650327 GO77 
S49 ROS 1556 E50321 EO77 

s a  ROS 1514 650324 c a n  

549 ROS 1519 650324 0076 

s49 ROS 1522 660324 0076 

549 aos 1547 650327 0077 

2 R 124940 130350 

2 R 131540 132940 
2 R 132840 133700 
1 R 133500 143500 
1 R 143400 153400 
1 R 153300 163300 
1 R 163200 173200 
1 R 173100 103100 

0 R 072500 091800 
0 R 091600 110900 
0 R 110700 130000 
0 R 125900 145100 

0 R 164100 183300 
0 R 183200 195100 
1 R 025300 031600 
2 A 031500 032900 
2 R 032800 034200 
2 R 034100 035500 
2 R 035400 040800 
2 R 040700 041120 
2 R 043900 045200 
1 R 045100 054600 
1 R 054500 065100 
1 R 065000 074600 

1 R 084400 094000 
1 R 093900 103500 
1 R 103400 113000 
1 R 112900 122500 
1 R 122400 132004 
1 R 131900 141500 
1 R 141400 151000 
1 R 150900 160500 
1 R 160400 170000 
1 R 165900 175500 

1 R 184900 191000 
0 R 074700 094300 
0 A 094200 113600 
0 R 113400 132600 
0 R 105900 125000 
0 R 124900 144100 
0 R 143800 163200 
0 R 163100 l l l S 0 0  
1 R 061800 071500 
1 R 071400 081100 
1 R 081000 090700 
1 R 090600 100300 
1 R 100200 105900 
1 R 105800 115300 
1 R 115400 125200 
0 R 125000 144300 
0 R 144100 163400 

2 a 130240 131640 

1 R ia3000 184000 

a R 145000 164200 

1 R 074500 oa4500 

1 R 175400 ia5200 

DATE DATE OAT€ DATE CC 
RECO PTL EVIL DIGIT 

50326 
50326 
50326 
50326 
50326 
50326 
50326 
50326 
50326 
50326 
50326 
50325 
50326 
50326 
50326 
50326 
5C326 
50331 
50 33 1 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50331 
50407 
50407 
50407 
50407 
50407 
50401 
50407 
50407 
50407 

Figure 5-7. Analog Tape Station-by-Station Listing 
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5.3 PRODUCTION CONTROL 

OUT 

DATE 

TIME 

The Production Control Center receives a copy of the advanced telemetry report 
from the project office and a copy of the daily analog tape listing from the Analog Data 
Accounting Offices. The two records are used to prepare the production control chart 
(Figure 5-10) which is the key record for production control. Each line of the chart pro- 
vides production scheduling and status information for one analog tape. The processing 
of analog tapes cannot begin until they are listed on this chart, after which an analog tape 
library request form (Figure 5-9) consisting of an original and one carbon copy is pre- 
pared. The original is retained by the Analog Data Accounting Office upon release of the 
tapes. The carbon copy accompanies the tapes through the scheduled production. 

IN 

DATE 

TIME 

I I 
I I I I 

I 

I I I I 

I 1 I 
I 

m o m  111f63) 

Figure 5-9. Analog Tape Library Request Form 
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5.4 TAPE EVALUATION 

A s  analog tapes are received from data acquisition stations, their data are evaluated 
for inherent quality and excellence of recording. Since recording affects the quality of 
data to a large degree, primary emphasis is placed on evaluating the recording technique 
of the ground station. For this purpose two evaluation lines are used. (See Figure 5-11). 
Both are  capable of handling all three types of analog data. PCM real time data, PCM 
command playback data, and FM special purpose data. For OGO-A data, the lines a re  
fitted with two Monroe printout devices i n  addition to the regular Visicorder and Sanborn 
strip chart recorders. Thus most evaluation data is automatically written by machines. 
It  is analyzed, however, by data inspectors who compare it to established standards and 
report their findings on the tape evaluation log form (Figure 5-12). Further analysis is 
made when the graded performance data from the logs a re  summarized into two weekly 
reports: the station telemetry report, and the summary of magnetic tapes received and 
evaluated. These reports are  used by the Operations Branch to check the recording tech- 
nique of the station operator and the efficiency of station equipment. 

Figure 5-1 1. Tape Evaluation Unit 
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5.5 ANALOG TO DIGITAL CONVERSION 

After data contained on the analog tapes are evaluated, they a re  converted to digital 
form and recorded on a separate tape. Conversion is accomplished on the STARS lines 
(Figure 5-13). A block diagram showing functional interrelations is given in Figure 5-14. 
Formats of input and output data are given in Figure 5-15 and 5-16 respectively. The 
output data are recorded on a buffer tape which is arranged in a format compatible with 
computer operation. Another output is produced i n  the form of punched cards containing 
data taken from the analog tape. The data recorded on each card is from a separate 
command. Buffer tapes and command cards produced in the conversion process are sent 
to the Digital Data Accounting Office for temporary storage prior to digital computer 
processing. 

During conversion, the data patterns displayed on an oscilloscope are  monitored and 
notes are  made of audible signals denoting a change from the lock-on mode to the search 
mode. A s  the digital buffer tape is produced, the analog-to-digital processing log 
(Figure 5-17) is completed. On this form is logged the amount of intermittent data, the 
duration of dropouts, and other such information relevant to the condition of data re- 
corded on the buffer tape. A t  the same time, the analog-to-digital summary form for 
each buffer tape is completed (Figure 5-18). 

Figure 5-13. Satellite Telemetry Automatic Reduction System Conversion Line (STARS) 
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ANALOG TAPE 
REPRODUCERS 

I L "  
L 

r --T;E- - .  
I DATA 8 -# 
I REFERENCE + 
I FREQUENCY -8 

I 
I 

~ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I ,  

I 
FLAGS--] I 

SUBCOM FRAME/ tl-H=k 

Figure 5-14. Block Diagram of Conversion Equipment 

ONE DATA WORD (9 BITS) 

Figure 5-15. Format of Analog Data 
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MALO6 TO DIGITAL PROCESSIWG LO6 
SATELLITE 

d s  kol D/D Editing: 

Figure 5-17. Analog-to-Digital Processing Log 
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ANALOG TO DIGITAL SUMMARY 

BUFFER TAPE x LINE x SATELLITE x 

Figure 5-18. Analog-to-Digital Summary Form 
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The two forms (Figures 17 and 18) are distributed to the Analog Data Accounting, 
Quality Control, and Computer Operations Offices. The analog- to-digital summary is 
used to compile a weekly report (Figure 5-19) which enables management to assess the 
productivity, efficiency, and available capacity of the processing system. 

5.5.1 Command Reduction System 

A part of the conversion line, the command reduction system, produces command 
cards for intermediate use in processing. The outputs of three separate command re- 
duction systems are  applied to a single IBM summary punch (Figure 5-20). Each system 
stores command data until the punch is available, and each system stores only the data 
from one analog tape until that tape has passed through the conversion operation. After 
conversion of the analog tape, the system storing command data taken from the tape, 
punches a set of intermediate command cards (Figure 5-21) and a set of identification 
cards (Figure 5-22) for each file of data. The intermediate command card contains the 
time of the command, the command address, and the command data. These cards a re  
later processed on an IBM computer which sorts the data chronologically, reformats it, 
and punches a master deck of end-data command cards. (See Section 7. ) From the mas- 
ter deck, 21 duplicate decks are  punched. One duplicate deck is for use by the Space 
Technology Laboratories. The other 20 decks are distributed to experimenters and their 
representatives. 

Hours i nwwk 

WEEKLY PRODUcfIXlTY, EFFICIEKCY ANTJ AVAXUEILE CAPACEX REPOIZP 

PRomsING SYSPPI DATE 

I I I I I I I 

= 168 

Figure 5-1 9. Weekly Processing Report 
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\ 
I 1 SATELLITE IDENTIFICATION 

$ YEAR OF RECORDING 

8 STATION NUMBER 

a 

s 

I 1  
ANALOG TAPE NUMBER 

Figure 5-21. Intermediate 
Command Card 

16 :! COMMAND (OCTAL) 

26 26 27 
28 
29 30 31 

32 33 
34 
35 
36 
37 38 

39 40 
41 
42 
43 44 

46 46 

47 46 49 
50 
51 
52 
63 
54 
66 66 

67 59 
5 9  6 0  6 1  

64 
66 
66 
6 7  
66 
69 70 

71 7 2  73 74 

76 76 
77 70 
79 80 

1: 

ID) 

Figure 5-22. Identification Card 

5.5.2 Conversion Process 

Four types of buffer tapes a re  generated from four types of PCM analog data re- 
corded. These tapes separately contain the types of data shown in Table 5-1. It  will be 
noted that all types of data are  played back in the conversion operation at the same rate, 
30 inches per second. Thus one- and eight-kilobit real time data are played back at 
eight times or greater than the rate a t  which they are recorded and 64-kilobit real time 
and command playback data are played at the same rate or a t  a greater rate than that at  
which they were recorded. 

Special problems occur with command playback data. This data is recorded in the 
spacecraft a t  a one-kilobit rate, transmitted to ground in reverse order at  64 kilobits, 
recorded in reverse order, and reversed with respect to the time information added by 
the ground station. In conversion, this data is first played forward to convert the ground 
time data and then reversed to restore the chronological order of the spacecraft data. 
This special treatment of command playback analog data allows i t  to be placed in the same 
format as real time analog data so that the buffer tape format is the same for both types 
of data. 
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TABLE 5-1 

COMPARISON OF TAPE SPEEDS FOR PCM DATA 

Tape Speeds 
(inches per second) 

1-Kilobit Real Time Data 

8-Kilobit Real Time Data 

64-Kilobit Real Time Data 

Type of Data 

3 3/4 30 

3 3/4 30 

30 30 

Conversion 
Playback 

Analog 
Recording 
(Maximum) 

64-Kilobit Command Playback Data 30 30 

5.5. 3 Synchronization Cycle 

In the spacecraft a clock pulse signal and a data signal a re  applied to the encoder 
which modulates the carrier. Examples of waveforms for these signals are  given in 
Figure 5-23. The ground station receives and demodulates the transmitted carrier to 
produce a raw information signal. The raw signal is presented to the ground-station 
conditioner which produces a clock signal and a conditioned data signal. The raw signal, 
the clock signal, and the conditioned signal a re  each recorded on separate tracks of the 
station analog tape. 

Depending on the results of the analog tape evaluation, either the raw signal or the 
conditioned signal is chosen for conversion. If the raw signal is to be converted, this 
signal is applied to a signal conditioner which produces a clock signal and a conditioned 
signal which, in turn, a r e  applied to the processor of the conversion equipment (Figure 
5-15). If the conditioned signal is to be converted, the conditioned signal and the clock 
signal are applied directly to the processor of the conversion equipment. In either case, 
the clock signal must be shifted 90 degrees with respect to the data signal in order to ob- 
tain optimum conditions for detecting the data bit level in the processor. The processor 
operates in a search mode seeking proper frame synchronization and will not pass data 
to the buffer until such synchronization is obtained. 

After bit synchronization is established, the processor operates in a search mode 
reading binary ones and zeros from main frame data until the synchronization words are 
recognized. When these words have fewer than bit e r rors  and are  recognized for 91 
successive frames, frame synchronization is established, and the processor shifts to 
operation in the frame synchronization mode. In this mode, which is the normal mode of 
operation, the processor passes data frames to the buffer. Eight frames per record are 
passed, each beginning with frame word one. Should the synchronization word bit errors  
momentarily increase above g, the processor will not revert to the search mode until 
this increase has persisted for successive frames. This flywheel effect lessens the 
number of changes of mode due to momentary degradations of data and, hence, lessens 
the number of gaps in data recorded on the buffer tape. 

After frame synchronization is established, the processor searches for subcommu- 
tator synchronization by examining main frame word 65. When the processor recognizes 
subcommutator word 1 in main frame word 65, i t  establishes subcommutator synchroni- 
zation and ceases to pass spacecraft data to the buffer for the remainder of the record in 
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SATELLITE DATA 
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DIGITIZED DATA 
VALUES 0 

SPACECRAFT 
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Figure 5-23. Waveforms Involved in Synchronization 
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which the recognition occurred. For the remainder of the record, the processor passes 
fill data. With the next record, the processor again passes spacecraft data to the buffer. 
This data begins with the first frame of the subcommutator sequence. The first  record 
contains subcommutator frames zero through 7 (which contain subcommutator words 
zero through 7), and the second record, frames 8 through 15, and so on. 

3.5.4 Buffer Tape Format 

Character 

1 - 4  
5 - 6  
7 - 9  
10 - 11. 

The buffer tape format for the OGO-A consists of a tape identification record, a file 
identification record, approximately 6000 data records, and an end of file. The buffer 

data are  recorded a t  556 bits per inch, and written on the tape i n  binary characters 
x bits plus parity in a 1, 2, 4, 8, A, B, P configuration. The format of the buffer 
is shown in Figure 5-24. 

Information 

Buffer Tape Number 
Year of Digitization (e. g., 64) 
Ihy  of Digitization (e. g., Feb. 2 = 033.) 
A/D Operator Identification (0-99 Insert 99 if missing) 
A/D Line Used. (Insert 00 if  missing) 
(Unused) 

FILE RECORD RECORD 
a n a  a a e  

Character 

1 - 5  
6 - 7  
8 - 10 
11 - 14 
15 - 16 

Figure 5-24. OGO Buffer Tape Format 

The first  record, the tape identification record, consists of 18 binary coded decimal 
characters. having odd parity and arranged in the following format: 

Information 

Satellite Identification (e. g. , 64 021. ) 
Year of Recording 
Station Number 
Analog Tape Number 
Analog File Number 

The second record, the file identification record, also consists of 18 binary coded 
decimal characters having odd parity and arranged in the following format: 

I I 
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day of the year, and 6 six-bit characters for the time of day in milliseconds. This 
makes a total of 270 characters per frame. Since each data record contains 8 frames, 
there are 2160 six-bit characters per record. 

The following comprise a summary which points out particulars of the frames and 
records of the buffer tape: A data frame of the buffer tape begins with spacecraft main 
frame words 1, 2, 3, and 4 and ends with word 126, 127, and 128. Main frame words 
1, 2, and 3 contain the 27 bits of frame synchronization words. In the F 1 status field of 
the buffer tape data frame, the flag bits are recorded as a binary zero, if the processor 
cannot hold frame synchronization. Flag bits are recorded as a binary one, if the proc- 
essor is locked to frame synchronization. The significance of flags in the F 2  status 
field is given in Table 5-2. 

The content of the F 3 status field is as follows: 

Bits 

1 - 7  

8 - 11 
12 

Representation 

Subcomm count (0 - 127) 
Frame sync bit error  count ( 

Subcomm sync flag 

15) 

P (Parity) 
B 0 
A 1 
8 0 
4 0 
2 0 
1 0 

Time is associated with the last bit of channel 128. Time is present for real time 
data in all three bit rates. It  is not present in this field with command playback data. 

5.5.5 OGO-A Processing Schedule 

For the first two weeks after launch, data are processed by the conversion lines as 
they are received, and selected buffer tapes are  further processed for quick look. After 
this initial period, data a r e  processed in chronological order. The time correction curve 
is established when sufficient data have been accumulated. Preparation of the curve re- 
quires about two weeks. During this two-week period, the Universal Time associated 
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with command playback data is made accurate. After the initial two-week period, all 
processed tapes are reprocessed to include accurate time corrections. From then on all 
tapes are processed regularly and arranged chronologically. Tapes decommutated from 
the time corrected data are shipped to experimenters on a routine basis. 

TABLE 5-2 

SIGNIFICANCE OF FLAGS I N  THE F 2  STATUS FIELD 

Bit 

1 

2 

1 + 10 

1 + 9  

2 + 3  

2 + 4  

5 

6 

5 + 7  

5 + 8  

6 + 7  

6 + 8  

11 

12 

Digit Representation 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

BCD decoded time agrees with the accumulating register. 

BCD decoded time disagrees with the accumulating register. 

BCD decoded time agrees with both the accumulating register 
and SD decoded time. The experimenter can have good con- 
fidence in time when these flags appear. 

BCD decoded time agrees with the accumulating register but 
disagrees with SD decoded time. 

BCD decoded time disagrees with the accumulating register 
but agrees with the SD decoded time. The experimenter 
should not have confidence in this time. 

BCD decoded time disagrees with both the accumulating 
register and SD decoded time. 

SD decoded time agrees with accumulating register. 

SD decoded time disagrees with accumulating register. 

SD decoded time agrees with accumulating register but not 
with BCD decoded time. 

SD decoded time agrees with both the accumulating register 
and the BCD decoded time. Again, the experimenter can 
have good confidence in time when these flags appear. 

SD decoded time disagrees with both the accumulating 
register and BCD decoded time. The experimenter should 
not have confidence in this time. 

SD decoded time disagrees with the accumulating register 
but agrees with BCD decoded time. 

BCD to binary converter is in error. The experimenter 
should not have confidence in this time. 

0 or 1 Not used at present. 
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and, since this arrangement does not lend itself to ready correlation, the table must 
first  be established to provide the necessary correlation. This table is established in 
the time correction program from real time data and works equally well on either real 
time or command playback data, since both contain time information from the same 
spacecraft clock. After the time correction table has been established for the period 
contained in the run, buffer data are processed by the quality control program. Here 
the data are  checked for errors,  reformatted, and corrected to reflect the universal time 
of recording in the spacecraft, The computer determines whether the quality of the data 
has deteriorated, and, if i t  has, whether the source of the deterioration is in the space- 
craft, in the ground station recording, or in the conversion operation. It  verifies the 
buffer tape format by checking multiple labels in a file, record lengths, and frame 
lengths. 

Additional checks are made which involve the form of the data. The synchronization 
word is checked for bit errors,  the subcommutator count is checked for proper sequenc- 
ing, and data words are checked to ensure that the first  three bits of the 12-bit field are 
zero. A representative sampling of analog channels are  checked to ensure that the first  
bit of the 9-bit field is zero. Additional checks are  made of certain channels in the data 
frame which maintain at a nearly constant level. 

The computer accepts the 8-frame buffer data records and reformats them into 128- 
frame edit records. It adds a special frame to the 128 data frames so that the edit rec- 
ord actually carries a total of 129 frames. Label records, however, are carried over 
from the buffer format to the edit format intact. 

With the time conversion routine, the computer looks in the time correction table 
for corrected universal times and inserts them in the universal time fields of the master 
binary edit tape. The output from the quality control program is the master binary edit 
tape, which is the input to the decommutation program as well as the input to subsidiary 
off -line programs which printout selected raw data requested by experimenters and en- 
gineers. After the decommutation program stores satellite data in memory, a record a t  
a time, i t  selects data chronologically from each experiment and writes them on separate 
decommutation tapes. 

6.2 DIGITAL DATA ACCOUNTING 

The Digital Data Accounting Office performs the function of a central clearing house 
and storage agency for all converted magnetic tapes, printouts, and cards used or pro- 
duced in the Data Processing Branch. Its record room, which is sometimes referred to 
as the dispatching office, is located adjacent to the computer rooms and is connected to 
them by windows through which tapes, etc. are  passed to and from the computers. Final 
storage of digital tape is a t  the Goddard Space Flight Center tape storage area. 

Following are  the general functions of the Digital Data Accounting Office. All  in- 
coming tapes, cards, and documents are received and logged. A punched card is main- 
tained for each file of data entered in the tape library. The card file is updated by en- 
tering the date of each step of the processing. Data tapes, cards, and programs are 
dispatched for processing and retrieved after processing. In addition to operating elec- 
tronic accounting machines, new tapes and computer supplies are  stocked. Decommuta- 
ted tapes are shipped to the experimenters. Weekly reports are also prepared which 
provide quantitative information such as the number of processed tapes on hand, the num- 
ber of data files processed, the number of tapes shipped, etc. 

The general flow of digital tapes into and out of the Digital Data Accounting Office is 
illustrated in Figure 6-2. The flow is voluminous and complicated. Control of the flow 
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requires that careful and accurate records be maintained at each step of the processing 
operation. How this flow proceeds during each step of the digital data operation is de- 
scribed in the paragraphs which follow. 

EXPERIMENTER 

L I N E  

FROM DATA 
PROCESSING 
BRANCH 

Figure 6-2. Digital Tape Flow Chart 

6.2.1 Receipt of the Buffer Tapes 

The conversion line operator submits buffer tapes, together with one completed copy 
of the Analog to Digital Processing Log form (Figure 5-17) for each tape, to the dis- 
patcher in the Digital Data Accounting Office. He also sends duplicate copies of the 
forms to the Production Control Center. The Production Control Center then schedules 
edit runs and requests the dispatcher to supply the required tapes and logs to the com- 
puter room at the prescribed time. The dispatcher, upon receipt of the tapes and logs, 
makes an entry for each tape in the buffer tape log book (Figure 6-3). 

6.2.2 EditRun 

Prior to release of the tapes and logs to the computer room, the dispatcher makes 
an entry in the buffer tape log for each tape released. After processing an edit tape, the 
buffer tapes and analog to digital processing logs are returned to the digital data account- 
ing office by the computer operator along with the following edit output: the edit tape, 
three copies of the edit listing, and three copies of the elapsed time report. Machine 
produced edit cards (Figure 6-4) for each file on the edit tape, and a keypunch instruction 
sheet (Figure 6-5). 

The dispatcher notes in the buffer tape log book the date the buffer tapes were proc- 
essed, retains one copy of the analog to digital conversion log, and then distributes the 
edit output as follows: Buffer and edit tapes to the digital data tape storage area. One 
copy of the edit listing, one copy of the elapsed time report, and one copy of the analog 
to digital conversion log to data inspection. One copy of the edit listing and elapsed time 

6- 3 



DATA PROCESSING BRANCH 
PRODUCTION LOG 

SATELLITE SYSTEM DATE 

INPUT 
TELEMENTRY ACPU. DATA ANALOG MEDIA 

Film No.-Sixe- I Station- No, 

Telementry Strip I E:::rded - Formot - Chart No. -Sped - 
Satellite 

Bi t  

Tope No.-Format- Groph No.-Sire - 
Pass No. Rate Photo No.-Siro- 

Speed-1 7/8 3 3/4 7 1 / 2  15 30 Other 
60 120 

DIGITAL MEDIA 

Punched 
TIME INFORMATION 

Start-:-: - Card Type-File No.- 

Stop-:-:- Tope No.- F i le  No.- 
Magnetic 

A. Tape Tronspori Speed-1 7/8 3 3/4 7 1/2 15 30 60 120 I.P.S. 

B. Servo Control-Prec. Freq. Line 0 Cot1 Trock Other 0 

C. Servo Performance-Excellent Good Fair 0 Poor 

TELEMENTRY PROCESSING SYSTEM 

A. Sync Source-Rac.Agc 0 C . F .  Age 0 Telementry Sip. 0 

8. Sync Counter- In ___ Out 

C. Sync Perfoimonce-Excellentn Goad 0 Foir 0 Poor 0 

0. Tolemontry Signal Quolity-Excellent 0 Good 0 Foir 0 

E. Discriminator Usod-SlO(Z1 97 0 1 8 9 0  Other 

F. Tape Sped Compnration in Use? 

Poor 

Y e s o  N a n  

OUTPUT 
ANALOG MEDIA PUPLIUTION MEDIA 

Film No.-Sire Film-No. Copies 
Strip Strip 
Chart No.-Speed- Chart-No. Copies 

Groph No.-Sire Graph -No. Copies 

Photo No.-Size Photo-NO. Copies 

Other Tope - No. Copies 

DIGITAL MEDIA 
Punched 
Paper Tape 

Cord Type- File No. - 
Magnetic 
Tape No.- File No.- Stort-:-:- 

stop-:-: - Tope Serial No. 

Othrr Elapsed-:-: - 

TIME INWRMITlON 

RECORD 
TIME SYSTEM 

A. Linearizing Freq. In Use? Yes 0 No 0 

8. Time Code Used-BCD SD 0 BCDLLSD 0 Accum. 

C. Time Quality-Excotlent Good Fair 0 Paor 0 
None Other 0 

COMPUTER SYSTEM 

A. Tape Density-High  LOW Other 

8. 1.0. Error-Yes No 

C. TapC Parity Errors-Yes 0 No 0 Est. No. 

D. Block Lenpth-Standard Other 

E. Record Length-Standord Other 

G. System Calibrated Prior to this Run? Yes No F. Output Tope Unit-729 906 Other 

OPERATORCOMMENT 

Stl0.4 IIll84l 

Figure 6-3. Buffer Tape Log Form 

, 
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soa1 

Figure 6-4. Machine Produced Edit Card and Keypunch 
Copy with Printed Line Added 

report to the data controller. The keypunch instruction sheet and machine-produced 
edit cards for updating to the electronic accounting machine. One copy of the edit listing 
and one copy of the elapsed time report to the Production Control Center. 

Upon receiving the third copy of the elapsed time report for an edit, the data con- 
troller in the Production Control Center notes on a weekly elapsed time of edit tapes 
processed form (Figure 6-6) the number of the edit and the elapsed time. The copy of 
the edit listing remains on file in the Digital Data Accounting Office. 

When the electronic accounting machine operators receive the machine-produced 
edit cards and the key punch instruction sheet, they process the cards in the following 
manner: Update the machine edit cards from the information shown on the keypunch in- 
struction sheet; that is, enter the edit tape number, the orbit number, the sequence 
number of the file on each cardi the buffer tape number and the dates converted and 
edited. Verify the updated cards and list them on the IBM Printer. 
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Figure 6-6. Weekly Elapsed Time Record of Edit Tapes Processed 
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The electronic accounting machine operator returns the two listings, the updated 
edit cards (Figure 6-7) and keypunch instruction sheet to the data controller. The data 
controller reviews the listings for any possible editing discrepancies or keypunch errors  
before returning these items to the dispatcher. The dispatcher then: Files the updated 
edit cards in a suspense file maintained in the Digital Data Accounting Office. Retains 
the keypunch instruction sheet for future reference. Sends the listing of the updated edit 

* 

Figure 6-7. Updated Edit Card Through the Edit Field 

6.2.3 Preparation for Decommutation of Edit Tapes 

The data inspection group certifies the edit files for decommutation or rejects the 
edit files on the basis of established quality standards. One copy of the edit release 
form (Figure 6-8) certified or rejected by data inspection is sent to the Production Con- 
trol Center. The Production Control Center will then inform the Digital Data Accounting 
Office of the file rejected and schedule the files for reprocessing on the conversion lines 
as required. The Production Control Center will  also schedule the decommutation runs 
and request the dispatcher to supply the required edit tapes to the computer room at the 
prescribed time. The edit card for those data files deleted are  marked deleted by the 
dispatcher. The dispatcher files the edit cards in the suspense file until the weekly up- 
dating of the master accounting tapes is performed. 

6.2.4 After Decommutation 

After the decommutation process, the computer operators return the edit tapes along 
with the following decommutation output to the Data Accounting Office: Decommutation 
tapes for each designated experimenter, and a decommutation printout for each decom- 
mutation tape. An elapsed time report, and an experimenter documentation card. Upon 
receiving the decommutation output, the dispatcher then proceeds as follows: Returns 
the edit tape together with the decommutation tapes to the digital tape storage area where 
the edit tape is filed according to project and retained indefinitely. (The decommutation 
tapes are filed temporarily in the experiment tape shipping area pending release by the 
data inspection group. ) Inserts the decommutation printout in envelopes addressed to 
each experimenter and forwards the printouts to the data inspection group. Sends the 
elapsed time record to the Production Control Center. Updates and lists the experi- 
menter documentation cards and retains them for updating the master accounting tape 
files. 

E 
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Figure 6-9. Updated Edif Card Through the Decommutation Field 

The dispatcher then removes the edit cards from the master file for further updat- 
ing. (The decommutation data is punched in each edit card as shown in Figure 6-9 ex- 
cept for these cards which may have been previously noted by the dispatcher as being 
deleted from decommutation as shown in Figure 6-10. ) The edit cards are returned to 
the suspense file where they remain until the weekly updating of the master file tape. 
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Figure 6-10. Deleted - File Edit Card 

When the data inspection group releases the decommutation tapes for shipment to 
the experimenters, a report is submitted to the Production Control Center. A copy of 
the report is forwarded from the Production Control Center to the Digital Data Account- 
ing Office along with the schedule for shipping the tapes. The edit cards are removed 
from the master edit card file and the shipping data are entered in the cards, as shown 
in Figure 6-11. 

The edit cards are then used to make up three copies of a shipping letter (Figure 
6-12) which gives each file on the decommutation tapes. (One copy of the shipping letter 
is retained by the experimenter, one copy is receipted and returned to the Digital Data 
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Figure 6-1 1 .  Updated Edit Card Through the Released Field 

Accounting Office and the third copy is sent to the Production Control Center upon ship- 
ment of the tapes. 
letter to the Tech Aid with instructions to ship the tapes to the proper experimenters. 

The Tech Aid prepares the tape for shipment in the following manner: Prepares 

The dispatcher then gives the decommutation output and shipping 

receipt for magnetic tapes (Figure 6-13) in duplicate for each of the tapes to be shipped. 
When the tapes are picked up for delivery, the driver signs the tape inventory receipts. 
One copy of the receipt is taken by the driver for the signature of the person receiving 
the tapes and is returned to the Digital Data Accounting Office. The other copy is re- 
tained by the Digital Data Accounting Office for updating the inventory card file and is 
later destroyed when the signed copy is returned by the driver. Next the tapes are 
placed in boxes along with the decommutation printouts, shipping letters, and pread- 
dressed franked envelopes. After addressing the boxes to each experimenter, the dis- 
patcher is notified that the tapes are  ready for shipment. The decommutated tapes are 
then shipped to the experimenter. When the signed copies of the shipping letters are  
returned they are filed in the proper file and retained indefinitely. After shipment of 
experimenter decommutation tapes, the buffer tapes, from which they were made, are 
erased for reuse. 

6.2.5 Activities for Quick Look Requests 

A quick look buffer tape and analog to digital conversion log are  submitted to the 
dispatcher. The tape is logged in the buffer tape log book and sent to the proper com- 
puter area. When completed, the tape and the analog to digital conversion log are  re- 
turned to the dispatcher along with the quick look printout. The tape is logged out and 
retained for several days in the Digital Data Accounting Office and then erased. The 
analog to digital conversion log is filed in the proper file and retained indefinitely while 
the printout is sent to bursting and binding. When the printouts are  released from burst- 
ing and binding, they are forwarded to the Production Control Center. 

6.2.6 Activities for Test Tapes 

The conversion lines submit test tapes to the dispatcher accompanied by a request 
for technitrol printer operation (Figure 6-14). However, i n  some instances the test 
tapes a re  run against certain programs on the IBM computers. In such instances a 
standard request for computer operation form (Figure 6-15), is used to dispatch the tape 
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MeSlMgW Dare 

GSFC 22-6 161641 

Signature 

ORIGINATOR'S COPY 

Figure 6-13. Receipt for Magnetic Tapes 

to the computer room. In either case, after the test tapes are processed and returned, 
the tapes and printouts are returned to the conversion lines. 

6.2.7 Activities for Programmer Requests 

The programmer may submit to the dispatcher programs for processing on any of 
the computers. When the submitted program is to be processed on the Univac 1107, the 
programmer submits a tape setup card (Figure 6-16) and a Univac 1107 setup card 
(Figure 6-17). Table 6-1 lists the symbols used in computer operation requests. 

Upon receiving the program and setup cards, the dispatcher clocks the program in 
on a prenumbered job order card (Figure 6-18), and makes an entry in the incoming 
programs log record form (Figure 6-19). The program is then sent to the computer 
and is processed according to an established priority schedule. When returned to the 
dispatcher, the program setup cards and output are inspected to determine that the re- 
quest is complete. The program is then logged out and held until picked up by the 
programmers. 

When use of either of the IBM computers is desired, the programmers submit their 
programs and an IBM 1401/7010 computer setup card (Figure 6-20) to the dispatcher. 
These programs are logged in and sent to the computer area a t  8:OO A. M. and at 1:00 
P. M. daily. When returned to the dispatcher, the programs are logged out and held 
until picked up by the programmers. See Figure 6-21 for part of the IBM 1401/7010 
Computer Complex. 
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GODDARD SPACE FLIGHT CENTER 
REQUEST FOR TECHNITROL PRINTER OPERATION 

NAME DATE TELEPHONE NUMBER 

I I 
LINE SATELLITE 

1. NUMBER OF FILES TO BE PRINTED OUT 

I 

2. FORM IN WHICH TAPE IS WRITTEN 

0 BCD OBINARY 

4. DENSITY 

ULOW C]HIGH 

5. TYPE OF PRINTOUT 

A. SPACING 6. CHARACTER LINES 

OSINGLE ODOUBLE 0 120 0 1 6 0  

OPERATORS REPORT 

LOGGED OUT 

. 

TIME IN I T  IA LS 

LIBRARIAN 
LOGGED I N  TIME 1 INITIALS 

I I 
640-40(2/641 

Figure 6-14. Request for Technitrol Printer Operation 
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DATE TEL. NO. 

COMHE%R 14031, 1410 

I N ~ I O n S  rn OPERATOR: 

0mrnRS REPORT: 

Om- DATE 

REMARKS : 

560-29 <4/63) 

Figure 6-15. Standard Request for Computer Operation 

'i 
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TAPE SET-UP s40-2a (iIs41 

Job- Code- Sponsor 

TAPE ASSIGNMENT LEVEL 
ASG LABEL I REEL LABEL AND ORDER I PFR I CHANNEL 

I I I 

I I I I 1 

CHANNEL REQUEST LEVEL 
UNIT , 

SAME COLUMNS ARE CONTINUED ON BACK SIDE OF CARD. 

Figure 6-16. Tape Setup Card 

TABLE 6-1 

SYMBOLS USED WHEN REQUESTING COMPUTER OPERATION 

SYMBOL ' SIGNIFICANCE 

SL I 
SL 11 
Fort 11 
COB 
ALG 
PFR 
S. J. L. 
SEL. ST. P. 
MASTER CL 
COMP C1 
RTC 
I/OCL 
PRINTER 
TRACE 
READER 
PUNCH 
PTR 
PTP 
LOC 

Sleuth I 
Sleuth 11 
Fortran 11 
Cobol 
Algol 
Print file release (Refers to tape servo unit) 
Selective jump switch 
Selective stop 
Master clear 
Computer clear 
Real time clock 
Input/outpu t clear 
Printer 
A hardware debugging aid 
Card reader 
Card punch 
Paper tape reader 
Paper tape punch 
Location where error occurred 

6-16 



RUN TIME HR -MIN __ JOB # CODE -SPONSOR 

PRINTER TRACE 0 
READER 0 PTR 0 

PROGRAMMER PTP @ 

PUNCH 0 RTC 

s ~ o . ~ s l 7 / s ~ J  PRESENT TEL 

FRONT 

FILES COPIES 

FILES COPIES 

FILES COPIES 

LOGICAL 

LOGICAL 

OPE RATOR 
P: REGISTER 

I l l l l l l I  
REMARKS AND ACTION 

TAKEN 

FORM 

FORM 

FORM 

ADDITIONAL OPERATING NOTES 

BACK 

Figure 6-17. Univac 1107 Setup Card 

Figure 6-18. Prenumbered Job Order Card 
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COMPUTER OPERATION - DIGITAL LIBRARY LOG 

DATE 

, 

Figure 6-19. Incoming Programs L o g  Record Form 



0 1401 7010 Job Running Time Hr. Min. 

I Name No. Ext. - Date 

0 Assembly, Compilation: 
Autocoder Fortran 0 Cobol 

Fortran Object Deck & Subroutine Merge 

0 Program Checkout: 

Tape Setup 

Program on Cards 0 Tape 

Method of Terminotion 

Operating Procedurr: 

Error Proerduros: 

0 Dump 

0 Display Locationr 

Dporator Rrport: Namr 

Action Taken: 

Conrolo Printout: h 
Figure 6-20. IBM 1401/7010 Computer Setup Card 

6.2.8 Digital Chronological Listing 

A typical page from the combined analog and digital chronological listing report is 
shown i n  Figure 5-8. The report is updated weekly and contains all files of data that 
have been digitized and processed through at least the edit tape processes. The format 
is that of a digital documentation card in a direct printout. 

6.2.9 Satellite Color Codes 

Pressure sensitive tapes a re  color coded by satellite to identify digital tape reels 
and plastic containers. Each tape is color coded according to i ts  satellite and may be 
written on with a pencil or pen to further identify the digital tape. The color code is 
applied universally to all digital tapes at this facility. The color assigned to all OGO-A 
digital tapes is brown. 
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Figure 6-21. IBM 1401/7010 Computer System 
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SECTION 7 
FOUR MAJOR INTERMEDIATE PROGRAMS FOR PCM DIGITAL DATA 

Approximately forty programs are involved i n  processing OGO-A data on the Univac 
1107 and the IBM 1401 and 7010 computers. Some of these yield end data sought by the 
experimenters. Others yield data which is intermediate to the total OGO-A processing 
operation and is not usable by the experimenters, but is, nevertheless, vital to the 
overall operation. The four major intermediate programs are described in the para- 
graphs that follow. The programs are (1) buffer tape print, (2) time correction, (3) 
quality control, and (4) the quick look. The major end data programs are described in 
Section 8. 

7.1 BUFFER TAPE PRINT PROGRAM 

The purpose of the buffer tape print program is to obtain, by means of IBM 1401 
printouts, selected data from each frame of the buffer tape for examination by the data 
inspectors so that they may constantly monitor and evaluate the performance of the con- 
version equipment. Values in the following portions of the buffer tape are of special in- 
terest to the data inspectors. The status and time fields. The synchronization word, the 
spacecraft clock, and subcommutator position number. The equipment group number, 
the spacecraft telemetry mode number, and the subcornmutated data. In addition, the 
buffer tape print program causes the number of data records processed to appear in the 
printout. Also, when a parity error  occurs, the computer prints an asterisk next to the 
last character in the frame in which the error  occurs. 

Portions of buffer tape printouts from the IBM 1401 computer are  given in Figures 
7-1 through 7-3. Figure 7-1 shows the first  120 characters, in binary coded decimal 
digits, of the buffer tape identification record as they were printed in a test run. Fig- 
ure ?-2 shows the same characters from the file identification record. The last fourteen 
frames of a subcommutator sequence of a typical data record are given in Figure 7-3. 

Since no change in the order of bits as they appear on the buffer tape has been made 
in the program to cause the computer to print them in a different order, a special inter- 
pretation must be placed on the data listed under the S/C DENT column. Spacecraft 
data word 65 contains nine bits, but only the seven most significant of these indicate the 
subcommutator position number. Thus, the first  entry, 0441, which is in octal, looks 
like this in binary notation: 000 100 100 001. The three most significant bits are 
not used, and the two least significant bits do not apply to the subcommutator position 
number. The seven remaining bits indicate the subcommutator position number, thus: 
1001000. These bits represent subcommutator position 110 in octal or 72 in decimal. 

7.2 TIME CORRECTION PROGRAM 

Time correction is accomplished in two passes through the computer. (See Figure 
7-4). The buffer tape and the orbit tape serve as inputs in the first pass which produces 
an intermediate tape as an output, The intermediate tape and an initialization card, ob- 
tained from the preceding run and containing information from the preceding file, serve 
as inputs to the second pass which produces as outputs the time-correction table tape 
and an initialization card for the next run. In the first  pass, spacecraft clock readings 
are taken from the buffer tape and checked for accuracy in a quality control subroutine 
listing. The format for this listing is given in Table 7-1. 
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PASS NO. I 

I INITIALIZATION 
CARD FROM I PREVIOUS RUN 

INITIALIZATION CARD 
(FOR NEXT RUN) 

PASS NO. 2 

Figure 7-4. Flow Chart for Time Correction Program 

TABLE 7-1 

FORMAT OF QUALITY CONTROL LISTING 1 (FIRST PASS) 

1. Buffer tape identification 

2. Cardimage 

3. Universal time, ground time, spacecraft clock time t l ,  til, and t3 of the first  
good reading to 0.1 millisecond 

4. Universal time, ground time spacecraft clock time t i ,  t2, and t3 of the last 
good reading to 0.1 millisecond 

5. Number of good readings found 

6. If tape is rejected, which test it failed 

To be of acceptable quality, the spacecraft clock readings must be within limits 
specified for maximum allowable drift of the clock. Readings having the greatest accu- 
racy, as indicated by the sensing flags and skip and repeat patterns presented in Table 
7-2, are then selected in the high resolution subroutine. In the last step of the first 
pass, universal time, recorded by the ground station, is extracted from the buffer tape, 
and correction factors a r e  applied to the ground station universal time to convert i t  to 
spacecraft universal time. These correction factors are  derived from the known propa- 
gation delays between W W V  and the ground stations and from propagation delays and 
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doppler effects between the ground stations and the spacecraft. Data for the propagation 
delay and doppler effects between the spacecraft and ground are  extracted from the orbit 
tape. 

7-3. In the second pass, the intermedi- 

son with data of the preceding file inserted 
by means of the initialization card of the 

UNIVERSAL 
TIME ate tape data file is verified by compari- FILE * I  FILE *2 

c 

- 

IDENTIFICATION 

TABLE 7-3 

DATA RECORD SCANNING OPEP RECORD 

FORMAT OF THE INTERMEDIATE TAPE 

Quality control 
listing of No. 1 
image 

1, 2, 3 day of year, 
e e e millisecond of day, e 0 e millisecond of day 
e 0 e and spacecraft e e e channel 75 

1, 2, 3 day of year, 

clock 0 e e (1200maximum) 
e e e (1200 maximum) . e .  
. . e  e . .  
. e .  e . .  

The time coordinates for both files a re  found by the straight line equation y = ax + b, 
where y values are  in universal time, 5 values are in spacecraft clock time, & is the 
slope, and b is the y intercept. The format of data in the initialization card is as fol- 
lows: 

- - 

Field 

1 

Data 

a 

- 

2 b 

3 X' 

Thus the values _a, _b, and z' define the straight line equation to which time values of 
the next file are  compared. The output of the verification program, a second quality 
control listing is given in Table 7-4. 

Next in the interpolation routine, the selected high resolution spacecraft clock read- 
ings are extracted from the intermediate tape. Values between readings are interpolated 
to form a continuous series of highly accurate spacecraft clock readings. These read- 
ings, which a re  accurate to within &4 milliseconds, together with corresponding space- 
craft universal time values are  recorded on the time correction table tape. The format 
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of the identification record of this tape is given in Table 7-5, and the format of the data 
record in Table 7-6. Two other outputs of the second pass are the initialization card 
for the second pass, and a plot tape. 

TABLE 7-4 

Character 

1 

2 

3 

4 

5 

6 to 127 

FORMAT OF QUALITY CONTROL LISTING 2 (SECOND PASS) 

1. Buffer tape identification, 

2. Card image. 

3. Universal time and spacecraft clock time of first item. 

4. Universal time and spacecraft clock time of last item. 

5. Predictor time equation. 

6. Time equation of file, root mean square value of deviations, differences 
between predicted value and actual value a t  start and end of file, value of 
Emax, and file is verified or rejected. 

Significance 

First  clock count of this day 

Universal time corresponding to first  clock count 

Day of year 

Last clock count of this day 

Universal time corresponding to last clock count 

Comments (Binary coded decimal with odd parity) 

TABLE 7-5 

FORMAT OF IDENTIFICATION RECORD OF 
TIME -CORRECTION- TABLE TAPE 

T 
3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

The plot tape output is from the 
SC4020 microfilm plotter. This equip- 
ment is operated in the BUT frame mode 
to produce a microfilm in the format 
shown i n  Figure 7-6. Quality control 
listing 1 from the f i rs t  pass is repro- 
duced next to quality control listing 2 
from the second pass. The quantities on 
the plot reflect changes in spacecraft uni- 
versal time and spacecraft clock time 
according to the straight line equation in 
the form XJ = y - ax - b. 

Figure 7-6. Output Format of the SC4020 
Microfi I m PI otter 
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TABLE 7-6 
FORMAT OF DATA RECORD OF TIME-CORRECTION-TABLE TAPE 

I I Character 

1 

2 

3 

4 

105 

Significance 

Clock time for XXX2000 (octal) 

Universal time for XXX2000 

Universal time for XXX2001 

Universal time for XXX2002 

Universal time for xxX2777 

Each file of the time correction table tape contains spacecraft universal times for 
all spacecraft clock readings for the day indicated in the identification record (Table 
7-5). Only one file of data is recorded on a tape. The first data record (Table 7-6) 
contains the first  clock reading and universal time for the day indicated. 

These values are  not usually the first  words in the record, since the first  words 
are  the selected high resolution spacecraft clock readings. The last ten bits of these 
readings must be zeros. In octal notation the first  word ends in either 2000, 4000, or 
6000. The last data record in a file of the time correction table tape contains the last 
clock reading and universal time for the day indicated, but, as i n  the first  record, the 
last reading of the day is not necessarily the last word in the last record. To be com- 
plete, the last record must contain 1024 entries. The last data record in a file is fol- 
lowed by an end of frame. 

7.3 QUALITY CONTROL PROGRAM 

In the quality control program, data from the buffer tape are processed on the Uni- 
vac 1107 computer. After the computer produces a printout (Figure 7-7) for evaluating 
the validity of the buffer tape data and placing these data in the format of the master 
binary edit tape (Figure 7-8), i t  extracts from the time correction table tape correct 
spacecraft universal time and inserts it in the time field of the edit tape. Thus the 
8-frame records of the input buffer tape are reformatted to the 129-frame records of 
the output edit tape which contains valid data with correct universal time. 

formed by the computer. The computer determines the accuracy and uniformity of the 
data by checking such items as parity, code words, bit rate, type of data (real time or 
command playback), spacecraft operation mode (normal, accelerated, or flexible for- 
mat), and the data format. The data format is checked by counting the number of char- 
acters in identification records, data records, and data frames. Errors  discovered in 
the data are traced to their point of occurrence. If the e r rors  are  traced to the ground 
stations or to the spacecraft, the data are  set  aside until the end of observatory life, 
after which they are culled. If the errors  are  traceable to the conversion equipment, 

The validity of data on the buffer tape is tested by means of a series of checks per- 
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Figure 7-7. OGO-A Quality Control Printout and Summary 
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RECORD RECORD FRAME 

Figure 7-8. Format of the Master Binary Edit Tape 

the analog data are re-run after the equipment malfunction is corrected. Culled data 
tapes are processed individually by means of special techniques not suitable for regular 
production runs. Culling retrieves a t  least 75 percent of the data. 

7.3.1 Input Buffer Data 

The input data to the quality control program is taken from the buffer tapes. The 
buffer tape formats a re  given in Figures 5-24 and 5-25. These tapes have double iden- 
tification records, each containing 18 characters, and regular data records, each con- 
taining eight frames of 270 characters to make a data record of 2160 characters. 

TABLE 7-7 

CONTENTS OF THE MASTER-BINARY-EDIT 
TAPE IDENTIFICATION RECORD 

Character 

1-5 +Space 

7-8 +Space 

10-12 +Space 

14-15 +Space 

17-20 +Space 

22-23 +Space 

25-28 +Space 

30-32 + Space 

34-36 

67 +Space 

Representation 

Satellite identification. Example: 64021 
where 64 = year of launch, 02 = Beta, 
1 = object 

Year of recording 

Station number. Example 001 = Blossom 
Point 

Analog file number 

Analog tape number 

Buffer file number 

Buffer tape number 

Data of data digitization (day of year) 

Will be identical to characters 1-33 unless 
an error  was found in those characters. If 
that is the case, then this portion of the 
record will contain the corrected values of 
that field. 

Type of data contained in file. 0 = 1 kilobit 
real time, 1 = 8 kilobits real time, 2 = 64 
kilobits real time, 3 = command storage 
playback. 
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TABLE 7-7 (Continued) 

CONTENTS OF THE MASTER-BINARY-EDIT 
TAPE IDENTIFICATION RECORD 

Character 

69-71 +Space 

73-77 +Space 

79-87 +Space 

89 

90 

91-94 +Space 

96-97 +Space 

99-100 + Space 

102-103 

104-120 

Representation 

Day of year 

Seconds of day 

Spares 

Spacecraft equipment group number 

Spares 

Master binary tape number 

Master binary file number 

Operator ID 

Line used 

Blanks 

Start time of data 

7.3.2 Master Binary Edit Tape 

gram including complete status information and correct universal time. The content of 
the tape identification record is given in Table 7-7. The data records (Figure 7-9) have 
been reformatted from 8 data frames to 128 data frames, and a special time record was 
added making a total of 129 frames in each data record. 

The master binary edit tape contains the data output from the quality control pro- 

Where gaps in data have occurred, f i l l  data is inserted to complete the record so 
that all data records will be the same length. (See Table 7-8). Time fields and status 
fields are associated with the data in the same frame whether the frame contains useful 
data or f i l l  data. Status field F-1 contains the status of the data as determined by the 
quality control program. (See Tables 7-9 through 7-11. ) 

7.3.3 Quality Control Listing 

The quality control listing (Figure 7-7) provides information about the condition of 
data contained on the master binary edit tape. The listings of quality control data are 
printed out immediately after the completion of the edit tape. The letter code in the 
listing is explained i n  Table 7-12. All possible messages which may appear on a quality 
control printout are given in Table 7-13. (The format of a documentation card for the 
master binary edit tape is given in Figure 7-10. ) 
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TABLE 7-8 

FORMATS OF FILL DATA WORDS AND 
NORMAL DATA WORDS COMPARED 

. 

* 2 characters/word 

TABLE 7-9 

MASTER- BINARY -EDIT- TAPE STATUS FIELD F1 

Bit 

1-6 

7 

8 

9 
10 

9 
10 

9 
10 

9 

10 

11 

12 

State 

1 

1 

0 
0 

1 
0 

0 
1 

1 

1 

1 

1 

Representation for F1 Quality Control Status 

Total bit errors  in the 27 bit frame sync word 

This frame is f i l l  data 

This frame is the beginning of a subcom sequence 

This frame contains 1 kilobit real time data 

This frame contains 8 kilobits real time data 

This frame contains 64 kilobits real time data 

This frame contains command storage playback 
data 

This frame contains suspect data. This flag will 
appear when the bit errors  in the frame sync 
word are 3. 

This frame contains corrected time 
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, 

Bit 

1 

2 

1 + 10 

1 + 9  

2 + 3  

2 + 4  

TABLE 7-10 

SIGNIFICANCE OF FLAGS IN  THE F2 STATUS FIELD 

Digit 

1 

1 

1 

1 

1 

1 

~~ 

Bits 

Representation 

BCD decoded time agrees with the accumulating 
register 

BCD decoded time disagrees with the accumulat- 
ing register 

BCD decoded time agrees with both the accumulat- 
ing register and serial decimal decoded time. The 
experimenter can have good confidence in time 
when these flags appear 

BCD decoded time agrees with the accumulating 
register but disagrees with SD decoded time 

BCD decoded time disagrees with the accumulat- 
ing register but agrees with the SD decoded time. 
The experimenter should not have confidence in 
this time. 

BCD decoded time disagrees with both the 
accumulating register and SD decoded time. The 
experimenter should not have confidence in this 
time. 

TABLE 7-11 

MASTER- BINARY-EDIT-TAPE STATUS FIELD F3 

1-7 

8 

9 

10-12 

Representation 
~ ~~ 

Remain the same on both buffer and edit 

Will be a "1" if the "F" bits on the buffer field 
F1 are "1". It  will be a "0" if the "F" bits are  "0". 

Will be a "1" if bit number 12 in the buffer field is 
a "1". It will be a "0" if the corresponding buffer 
field is "0". 

In this field, we are  limited to 7 bit errors  while 
in buffer field 8-11 there may be held up to 15 bit 
errors. Otherwise the fields are the same. 
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TABLE 7-12 

LETTER CODES USED IN QUALITY CONTROL PRINTOUTS 

Actual Buffer Tape Identification 

SAT Satellite Identification 
ID 

Satellite Transmitter Number 

YR Year Recorded 
RE 

STA Station Number 
NO 

AN Analog File Number 
FI 

AN Analog Tape Number 
TA 

BU Buffer File Number 
FI 

BU Buffer Tape Number 
TA 

DAT Data Digitized 
DIG 

Analog Card 

SAT Satellite Identification 
ID Number 

YR Year Recorded 
RE 

STA Station Number 
NO 

AN 
FI 

AN 
TA 

BU 

BU 
TA 

DAT 
DIG 

K 
R 

DAY 
YR 

SEC 
DAY 

E 
G 

BINA 
TAPE 

BI 
FI 

OP 
ID 

LI 
ID 

Analog File Number 

Analog Tape Number 

Buffer Tape File 
Number 

Buffer Tape Number 

Data Digitized 

Kilobit Rate 

Day of Year 

Milliseconds of Day 

Equipment Group 
Number 

Binary Edit Tape 
Number 

Binary Edit Tape File 
Number 

Conversion Line 
Operator's Number 

Conversion Line 
Number 
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TABLE 7-13 

I 

ALL POSSIBLE MESSAGES WHICH MAY APPEAR 
ON A QUALITY CONTROL PRINTOUT 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

10. 
11. 
12. 

13. 

14. 

15. 

16. 
17. 
18. 

19. 

20. 
21. 

22. 

2 3. 

24. 
2 5. 
26. 
27. 
2 8. 
29. 
30. 

31. 

32. 

33. 

Parity error time is 
Unrecoverable read error  tape rejected, 
OGO-A end of job. 

time decoder status flags (F2). 
equal millisecond of day. 

previous day of year. 
invalid day of year. 
equal milliseconds of day. 

Rejection due to loss of leading zeros. 
equal milliseconds of day. 

OW-A invalid comparison of buffer subcomm/count. 
equal channel subcomm/count. 
equal F3 subcomm count. 
equal milliseconds of day. 

OGO-A invalid data type change detected. 
equal milliseconds of day. 

OGO-A rejection due to invalid data type change. 
equal milliseconds of day. 

OGO-A invalid mode change detected. 
- equal milliseconds of day. 
0 6 0 - A  rejection due to invalid mode change. 
Invalid mode 
Previous mode 

equal milliseconds of day. 
OGO-A non-existent kilobit rate detected. 

equal milliseconds of day. 
OGO-A rejection due to non-existent kilobit rate. 
Invalid character. 

0 6 0 - A  invalid kilobit rate comparison. 

OGO-A rejection due to invalid kilobit comparison. 

Invalid or non-existent kilobit rate (character). 
Previous kilobit rate (rate). 
Invalid time comparison detected. 

equal previous milliseconds of day. 
equals F1 status. 
equals F2 status. 
equals F3 status. 
equal milliseconds of day. 

OGO-A rejection due to invalid day of year comparison. 

equal milliseconds of day. 

equal milliseconds of day. 

equal milliseconds of day. 

Equipment groups change detected - current file 
terminated. 

Input record is padded with binary zeros, but sync 
subcomm flag is missing. 

equal milliseconds of day. 

sync bit errors  (determined by program). 
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TABLE 7-1.3 (Continued) 

ALL POSSIBLE MESSAGES WHICH MAY APPEAB 
ON A QUALITY CONTROL PRINTOUT 

34. 

3 5. 
36. 
37. 
3 8. 
39. 
40. 

41. 

42. 

4 3. 

44. 

4 5. 

46. 
47. 

4 8. 
49. 
50. 
51. 

52. 
53. 

54. 

55. 
56. 
57. 

5 8. 

59. 
60. 
61. 

62. 
63. 
64. 
6 5. 
66. 

sync bit e r rors  (determined by buffer equipment). 
equal milliseconds of day. 

Wrong length record first' time is 
This file has been rejected, edit tape number is 
Edit tape 
Excess amount of documentation cards. 
OGO-A make necessary corrections then reload program. 
OGO-A invalid satellite number, documentation card 
number 
OGO-A invalid international code, documentation card 
number 
OGO-A invalid comparison of analog tape number, 
document card number 
OGO-A invalid comparison of station number, document 
card number 
OGO-A illegal station number, check document card 
number 
OGO-A type, go to verify and process buffer tape 
number 
OGO-A incorrect buffer number (tape number). 

should be marked rejected. 

Type from console correct buffer number, 
then carriage return. 

OGO-A invalid year of recording detected. 
OGO-A year of recording - less than year of launch. 
OGO-A year of digitization, less than year of recording. 
0 6 0 - A  quality control year, less than year of 
digitization. 
OGO-A invalid buffer line number detected. 
OGO-A invalid space (zero) comparison detected in 
tape and file ID. 
OGO-A invalid satellite identification detected check 
file ID. 
OGO-A quality control and edit program (Heading). 
Error while reading label, file rejected. 
Error while reading EOF on output tape, file marked 
rejected. 
Error when back-spacing input tape, file marked 
rejected. 
Output tape now rewinding to interlock label and file. 
Second equipment group change detected file rejected. 
Equipment group change i n  f i r s t  output record - data 
discarded. 
End of file reached before kilobit rate is found. 

%I class 0 data. 
%I class 1 data. 
%I class 2 data. 
%I class 3 data. 
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7.3.4 Time Conversion Subroutine 

A part of the quality control program is the time conversion subroutine. In this 
subroutine, correct universal time from the time correction table tape is inserted in the 
time field of the master binary edit tape. 

7.3.5 Production Run 

Approximately 16 buffer tapes are used as the input to a production run. The fol- 
lowing is the sequence of operator events in a production run: 

t 

1. Load all input tapes 

2. Load 2 output tapes 

3. Place cards in punch 

4. Read in analog library cards 

5. Read first record of first tape 

6. Tape label check 

7. Print tape label 

8. Should encounter an end-of-file 

9. Read first  record of new file 

10. File label check 

11. Print file label 

12. Do not punch card until the end 
of the pass is reached. At this 
time the end time of the pass 
can be obtained. 

r . 
1 3  SATELLITE 1 

STATION I 

(UNUSED) 

MONTH DATE CONVERTED 

DATE EDITED I 
UAY I I 

CARD 

SYMBOL 
. IDENTIFICATION 

n UNUSED COLUMNS 
*I YEAR OF DECADE 

Figure 7-10. Documentation Card for 
the Master Binary Edit Tape 

7. 3.6 Quality Control Program 

Figures 7-11 through 7-14 present the sequence of quality control operations. 

The following ground rules are  basic to the quality control program. 

1. A file of data will be terminated and a new file begun when either (a) a new input 
file is entered, or (b) equipment groups, modes, or bit rates are changed. A 
new file will not be started, however, unless i t  contains more than one minute of 
data. 

2. There will be only one edit file per edit tape. 

3. Buffer tapes will be erased when shipments of decommutated data tapes are made 
to the experimenters. 
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Figure 7-13. Flow Chart for Quality Control Processing, Chart 3 

FIX MATRIX FROM 
LAST "READ" 

BACKSPACE 
INPUT TAPE 

b 
Figure 7-14. Flow Chart for Quality Control Processing, Chart 4 
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4. 

5. 

6. 

7. 

8. 

Edit tapes will be kept as permanent records and are, therefore, referred to as 
master binary edit tapes. 

For every edit file, a corresponding documentation card will be punched. 

Production on the Univac 1107 will be on a run basis. Each run will consist of 
approximately 16 buffer tapes. 

Decommutated data tapes will be arranged in two groups, each in chronological 
order: one group being real time data, and the other being stored data. Real 
time data will be written on separate tapes from the stored data. 

For every tape processed, a corresponding quality control listing will be printed 
on-line. 

7.3.7 Quality Control Checks 

The quality control program causes checks to be performed on the tape identification 
record, the file identification record, and the data records provided by the buffer tape. 
Indications of the validity of the data a re  written into status field F1 of the master binary 
edit tape, and errors  found during checks are  printed out. 

7.3.7.1 Buffer Tape Identification Record Checks 

The computer processes the buffer-tape-identification record as follows: 

1. Writes in and verifies the buffer tape number. 

2. Checks year of digitization by the formula A - B - C - D, where A = year of 
launch, B = year of recording, C = year of digitization - not included in edit 
label, and D = year of Q. C. - not included in edit label. 

3. Checks day of digitization by: day of digitization, day of quality control check. 

4. Checks the legality of the buffer line used. 

5. Checks the legality of the operator identification. 

6. Checks spares for being in proper place. 

The tape identification record will be followed by one end of file. The first  record after 
the end of file will be in the file identification record. 

7.3.7.2 Buffer Tape File Identification Record Checks 

The computer processes the buffer tape file identification record as follows: 

1. Reads and checks validity of analog documentation card. (See 4 below.) 

2. Checks validity of file identification record. (See 4 below.) 

3. Checks documentation card against file identification. If everything checks, 
assumes file identification is good. If 1 and 2 are valid, but 3 does not compare, 
assumes documentation card is correct and places data in field 34-66 in edit 
identification. If 3 does compare, places edit fields 1-33 into edit fields 34-66. 
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4. If documentation card is not valid, but file identification is valid, rejects card. 
If library card is valid but file identification is not valid, places the card infor- 
mation in edit field 34-66. If both library card and file identification are not 
valid, rejects data. 

5. If in any of the above cases an error exists, prints out message. 

6. Prints out the entire file identification record on the quality control listing. 

7.3.7.3 Buffer Tape Data Record Checks 

The computer performs checks on the following items of the buffer tape data records: 
format, spacecraft identification, subcommutator, status, and time. When an error  in 
format occurs, the computer: 

1. Prints time of frame. 

2. Prints indication of trouble. 

3. Prints subcommutator position. 

4. Prints spacecraft time (word 33, 34, 35). 

5. Prints entire frame and status. 

6. Dumps. 

Note that when subcommutator synchronization has been established, the data records 
must start  1, 9, 17, etc. 

The computer performs the spacecraft identification (main frame words 66 and 67) 
check as follows: 

1. If a change occurs in spacecraft identification: 

a. Prints, terminates the file, and starts a new file. 

b. Makes certain that the change (not caused by bit error) remains constant, 

c. Checks by using the bit e r rors  in the frame synchronization word. If three 
bit errors  occur, assumes transmission errors  responsible for change. 

2. Checks bit rate: 001 = 64kbs, 000 = 8kbs, and 100 = 1 kbs. First time places 
respective flag in status field F1 bits 9, 10. At this time also places flag in 
identification field character 67. Every other time through, check for change. 

3. Checks data type; 1 = real time, and zero = data storage. 

4. Checks data mode; 100 = main commutator, 010 = accelerated subcom, and 
001 = flexible format. 

The computer performs the subcommutator check as follows: 

1. If the subcommutator position advances between frames by more than 1, it can 
mean either of three things: 
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a. Apparent jump due to bit errors. 

b. Loss of frame synchronization. 

e. Error in telemetry. 

Both a. and c. can easily be determined to be the case by looking at the following 
data and the bit e r rors  in the frame synchronization word and status field F3. If b. is 
the case, however: 

a. Prints item and time. 

b. Re-initializes matrix addresses. 

c. Places f i l l  data in respective locations in the matrix. 

d. Places proper flow in the respective status fields F1 bit 7. 

The computer performs the status check as follows: 

1. Obtains total number of bit e r rors  in frame synchronization word. If three er- 
rors occur, places flag in F1 bit 11. Compares against F3 bits 10-12. If a 
non-comparison results (within 7 since we only have 3 bits in this case) prints. 
Places total number of bit e r rors  in F1 bits 1-6. 

2. If frame occurs in the beginning of subcommutator reference, fills in F1 bit 8. 

3. Checks F2 and initially prints the case. Prints again when F2 changes. 

The computer performs the time check a s  follows: At the 8-kilobit rate, time should 
be advancing at 144 milliseconds. At the 64-kilobit rate, time should be advancing at 
18 milliseconds. If the clock advance does not fulfill the above requirements within f 1 
millisecond, the computer prints and stops processing, and i t  will be necessary to redig- 
itize the buffer tape. (NOTE: Ignore time a t  1-kilobit command playback. ) 

7.4 QUICK LOOK PROGRAM 

The quick look program produces a quick look listing in octal for use by experimen- 
ters and others who wish to examine specific data points as early as possible. The pro- 
gram takes data on a record by record basis from either buffer or edit tapes and places 
these data in core memory. From the console the computer operator indicates which 
data points i n  a record are to be examined. From these inputs, the program then prints 
out a listing which allots a single spaced line to each data point and a blank line between 
records to separate them. (See Figure 7-15.) Examples of identification and data record 
printouts for individual experiments are shown in Appendix B. Note that experiment 14 
has no PCM telemetry (thus no printout) and the data points for experiment 16 are sub- 
commutated from channel 97, the experiment subcommutator channel. 
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.- 

Figure 7-15. Program Flow Chart for Quick Look 

In addition to selected data points, each line in the listing contains the following 
i tems: 

1. Day of year, columns- through 3. 

2. Milliseconds of year, columns 5 through 12 . 
3. Status field F1, columns 14 through 17. 
4. Frame synchronization, columns 19 through 27 . 
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SECTION 8 
FOUR MAJOR END DATA PROGRAMS 

The four major end data programs for PCM digital data are: (1) the command sort  
and reformat program, (2) the decommutation program, (3) the spacecraft subsystems 
program, and (4) the attitude orbit program. These programs are described in the fol- 
lowing paragraphs. 

8.1 COMMAND SORT AND REFORMAT PROGRAM 

The command sort  and reformat program (Figure 8-1) is performed on-line on the 
IBM 1401/7010 computers. Intermediate command cards from the command reduction 
system (paragraph 5.5.1) are read into the computer memory. The computer sorts 
the data chronologically, reformats them, and punches a master deck of end data com- 
mand cards. The format of the command card is shown in Figure 8-2. From the master 
deck 21 duplicate decks are punched. One duplicate deck is for use by the Space Tech- 
nology Laboratories. The other 20 decks are  distributed to experimenters and their 
representatives. 

The decommutation program is accomplished in two steps on the Univac 1107 (Fig- 
ure 8-3). In the first step, Phase I, three sets of program cards are applied as inputs 
to the processing equipment which generates a program tape. The first  set  of program 
cards uses a special decommutation language program to define the formats for each de- 
commutated experiment. The second and third sets of cards use Slueth 11 assembler 
language, one to establish tape handling facilities in the program and the other to estab- 
lish the format of the decommutation program punched card output. 

Phase 11, which is the production phase, uses the decommutation program tape gen- 
erated in Phase I to decommutate satellite data supplied from master binary edit tapes. 

INTERMEDIATE 
1.0. FILE, COMMAND CARDS 

AND 
INTERMEDIATE 

COMMAND 
CARDS COMMAND CARDS 

Figure 8-1. Flow Chart for Command Sort and Reformat Program 
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The format for the decommutation tape 
is shown in Figure 8-4. The program 
is executed on the Univac 1107 on a pro- 
duction run basis, each run consisting 
of approximately 16 edit tapes of data. 
The program consists of the following 
eight routines: buffered input tape hand- 
ler, pack and unpack routine, selective 
decommutation controls, 19 experimen- 
ter format routines, buffered output 
tape handler, recovery routines (normal), 
label subroutines, and recovery routine 
(abnormal). 

A processing run generates the de- 
commutated tapes for the experimenters 
listed in Table 8-1. Experiments 4 and 
14 are marked void since experiment 4 
is combined with experiment 6. Experi- 
ment 14 contains no data from the PCM 
(or from the FM special purpose) telem- 
etry systems. The table lists the num- 
ber of words and characters per data 
record and the maximum number of files 
per decommutation tape along with other 
related items for each experimenter. 

Each decommutated tape consists of 
a maximum number of files as indicated 
in Table 8-1 and a second end-of-file 
mark. The format of a file (Figure 8-5) 
consists of an  identification record (Ta- 
ble 8-2), data records as specified by 
the experimenter, and an end-of-file 
mark. Each decommutation tape is 
written by a subroutine which extracts 
those data points specified by the experi- 
menter from a defined matrix of 135 
words and 129 frames. 

Fill data may be inserted for either 
or both of the followine: reasons: first. 

fi 
SATELLITE IDENTIFICATION 

d 

STATION NUMBER 
I I  
15 ANALOG TAPE NUMBER 
I4 

(UNUSED) 
DAY 

32 
33 %d MILLISECONDS OF DAY 
1. -- 
37 

:z (UNUSED) 
COMMAND (OCTAL) 

44 
48 
46 
47 
41) 

5s 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
!? 

Figure 8-2. Format of the Command Card 

i t  may be used to f i l l  gut a data record where valid data is missing, and second, i t  may 
be used to f i l l  out the format for convenience in reading, handling, and the like. Any 
symbol may be specified and any desired format may be specified by the experimenter 
for use on his decommutation tapes. 

In addition to the 19 decommutation tapes, the program generates the documentation 
card shown in Figures 8-6 through 8-9. The program also generates a printout which 
contains: (1) a verbatum-printout of the identification record from each tape, and (2) a 
verbatum printout of every documentation card punched by the program. The printout 
and the documentation cards serve as records of each run. 
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PHASE I 

PHASE It 

COMPUTER 

Figure 8-3. Decommutation Program 

L- DECOMMUTATION TAPE ~-4 
Figure 8-4. Format for the Decommutation Tape 

LABEL DATA DATA DATA 
RECORD FILE 

0 . .  

L- I FILE ~-4 
Figure 8-5. Format for a Decommutated Tape File 

8-3 

J 



8-4 



TABLE 8-2 

CONTENTS OF DECOMMUTATION TAPE 
IDENTIFICATION RECORD 

Character 

1-5 + Space 

7-8 +Space 

10-12 + Space 

14-15 + Space 

17-20 + Space 

22-23 + Space 

25-28 + Space 

30-32 + Space 

34-36 

67 + Space 

69-71 + Space 

73-77 + Space 

79-87 + Space 

89 

Representation 

Satellite identification 
Example: 64021 

where 64 = year of launch 

1 = object 
02 = Beta 

Year of recording 

Station number. 
Example 001 = Blossom Point 

Analog file number 

Analog tape number . 

Buffer file number 

Buffer tape number 

Data of data digitization (day of year) 

Will be identical to characters 1-33 
unless an error  was found in those 
characters. If that is the case, then this 
portion of the record will contain the 
corrected values of that field. Repeat 
after correction 

Type of data contained in file 
0 = 1 kilobit real time 
1 = 8 kilobits real time 
2 = 64 kilobits real time 
3 = command storage playback 

Day of year 

Seconds of day 

Start time of data 

Spares 

Spacecraft equipment group number 
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8.2 SPACECRAFT SUBSYSTEMS PROGRAM 

The spacecraft subsystems program (Figure 8-10) utilizes the Univac 1107 to read 
the housekeeping tape and extract data pertaining to the six spacecraft subsystems. 
These housekeeping data a re  read, one record at a time, into core memory from which 
the program selects and processes them further by calibrating and converting them to 
engineering units. These operations are determined by control cards which specify the 
type of outputs desired (lists, plots, or both) and also specify the time increments de- 
sired by the subsystem engineer for selecting data. In addition, by reading the attitude- 
orbit tape the program extracts times of the following orbital parameters: Ascending 
node, dawn, noon, dusk, and perigee. These selected data points are extracted from 
as many attitude-orbit tapes as may be necessary to process one run of housekeeping 
tapes. All these time data points are read into core memory where they are stored for 
use by the program. 

entire orbit, the program stores graph data in drum memory. These data a re  later re- 
covered by the program and are reformatted on tape for the SC 4020 plotter. This plot- 
ter then plots the graphs on film (Figure 8-11). The computer operator is instructed by 
console messages all of which are  listed in Table 8-3. 

To accommodate the large amount of data required to generate graphs that plot an 

The spacecraft subsystems program generates five other output tapes as follows: 
communications and data handling, integrated subsystems, thermal, power, and attitude. 
The Univac 1107 then prints out these tapes on listings which constitute the output of the 
program to the respective subsystem engineer. Typical examples a re  shown in Figures 
8-12 and 8-13. 

Figure 8-10. Spacecraft Subsystems Program Flow Chart 
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TABLE 8-3 
CONSOLE MESSAGES 

1. 
2. A. 
2. B. 
2. c. 
2. D. 
2. E. 
2. F. 
2. G. 
2. H. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

Operator, did you do an E key in yes or no? (Tape Mounts) 
Mount HSK 
Mount A-SSYS 
Mount C/F-SS 
Mount D-SSYS 
Mount E-SSYS 

Mount PLOTSS 
Mount ASPECT 
Run complete 
End of HSK tape - mount new reel and type go, otherwise type no. 
Operator, how many aspect reels-type one digit. 

(In flight calibrations error  messages) 
More than five consec I/F f i l l  by passes 
More than five consec I/F SYNC by passes 
More than five consec I/F DIFF by passes 
A23 MD CHK (MCDN) has illegal (Can't happen) value of (OCT) xux 
A 10 BIT read out has occurred. 

Mount I-SSYS 

0.00 6.00 IO.00 16.00 20.00 26.00 30.00 36.00 40.00 46m 50.00 08.00 00.00 66.00 TO.00 

PLOT ?, 

Figure 8-1 1. Typical Output Plot of Spacecraft Subsystem Program 
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8.3 ATTITUDE ORBIT PROGRAM 

Basically, the attitude-orbit program computes the attitude of the spacecraft from 
orbit data and spacecraft sensor data. These data are obtained from orbit and aspect- 
housekeeping tapes (Figure 8-14). In addition, the program carries over orbital data 
from the orbit tape directly onto the attitude-orbit tapes. 

program produces 22 attitude-orbit tapes, made up of three groups: (1) seven tapes in 
Univac high density, (2) one tape in IBM low density, and (3) fourteen tapes in IBM high 
density. 

The formats for these tapes are given in Tables 8-4 through 8-6. The attitude orbit 

In actual operation, the orientation of the OGO-A satellite is maintained with one 
face of the spacecraft body directed toward the earth, with an orientation such that the 
solar array may become normal to the sun vector, and that the orbit plane experiment 
package (OPEP) may become aligned in the orbit plane. It is the orientation of these 
functions that is computed by the attitude-orbit program. Firs t  the program computes 
ideal spacecraft attitudes in nine coordinate axes in terms expressed in celestial coor- 
dinates. It  then computes actual attitude by applying corrections telemetered from on- 
board sensors. These correction factors a re  listed in Table 8-7 and are supplied from 
aspe c t-housekeeping tapes. 

Since the orbit tapes come from the advanced orbital programming branch, orbit 
tapes must first  be examined by the Production Control Center for correlating start 
times with those of the aspect-housekeeping tape as illustrated in Figure 8-15. This 
operation precedes initial processing on the Univac 1107. 

CONTROL 

ATTITUDE- 
ORBIT 

PROGRAM 

\.IF--- 

n 
/ 

Figure 8-14. Attitude Orbit Program Flow Chart 
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TABLE 8-4 
ORBITAL TAPE FORMAT 

I Title Binary Record Format 

Form 

a 

Fixed Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 

Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 

Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 

Fixed Pt. 
Fixed Pt. 

Remarks 

Fortran data record size indicator = 
000375010001 octal. This indicates a 
total data word count of 253 words. 

Form of data identification = 76799361 
Satellite identification 

U. T. Start Time of 
Satellite Data 

Date 
Day count Of year 
Seconds of Day 

Date 
Day Count of Year 
Seconds of Day 

U.T. End Time of 
Satellite Data 

= A t  in seconds, if tape has equal intervals 
= 

No. of data items in data record = 12 
(includes a special type of item as  item no. 12) 

No. of words per data item = 21 
No. of words per data item that are a function 
of time (these words follow the time words 
consecutively) = 16 
No. of words in data record = 256 
Spare . 

Run identification data 

Date 

0, if tape has unequal intervals 

Day Count of Year 
Apparent Sidereal Time 

Coordinate System 
Reference Data Time 

in radians and Position 
Some of these are used for harmonics 
Date Epoch 
Day Count of Year 
Seconds of Day 
Semi-major axis, a (km.) 
Eccentricity, e (ratio) 

Right ascension of ascending node, fz (deg.) 
Rate of change of R.A. of ascending 

Argument of perigee, w (deg.) 
Rate of change of argument of perigee, 

Period, p (min.) 
Rate of change of period, p (min./day) 

Some of these are used for elements, drags, etc. 

Check sum of words in word no. 1-253 
Same as  word 0 

Inclination, I (deg. 1 

node, fz (deg./day) 

w (deg./day) 

8-13 



TABLE 8-4 (Continued) 
ORBITAL TAPE FORMAT 

Word No. 

0 

1 

2 
3 
4 

5 
6 
7 

8 
9 
10 

11 
12 
13 

14 
15 
16 

17 
18 

19 
20 

21 

22-231 

232 
233 
2 34 

235-252 
253 
254 
255 

Data E 

Form 

Fixed Point 

Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 
Floating Pt. 

Floating Pt. 

Floating Pt. 

Floating Pt. 
Floating Pt. 
Floating Pt. 

Fixed Point 
Fixes Point 

mv Record Format 

Remarks 

Fortran data record size indicator = 
000375010001 octal. This indicates a 
total data word count of 253 words. 

Type of data item indicator 
= 1 regular satellite data item 
= 2 ascending node crossing data item 
= 3 north point data item 
= 4 descending node data item 
= 5 south point data item 
= 6 sunlight entrance data item 
= 7 sunlight exit data item 

Date of data 
Day count of Year 
Second of Day 

Time of Data Item 

Satellite Position 
Vector in km. Z 

x Satellite Velocity 
y Vector in km./sec. z 

Height above spheroid (km. ) 

sx 
SY Solar Vector in A.U. 
sz 
L (earth radii) Mcnlwain L Parameter 
B (Gauss) Magnetic Field Strength 

Right ascension (deg.) 
Declination (deg.) an Inertial System 

Ascending node crossing no. (pass no.) 

10 other satellite data items 

= 99 (may be considered type of data indicator) 
Year of Data 
= 999 if no ascending node item occurred. 
= % of orbit in sunlight if an ascending node 

Spares in last item 
Spare in record 
Check sum of data words in word no. 1-253 
Same as word 0 

Real Field Coord. in 

item occurred in this record 

The last valid data item is followed by an item of 9's. If the last valid data item fills a record, 
a record follows which contains 9's in words 1-21. 9's are equal to 99999999 in floating point. Fol- 
lowing the sentinel item record are 2 sentinal records containing 99999999 in word 1. Words 0, 254, 
and 255 follow the same format as that of regular data records. An EOF ends the tape. 

4 
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TABLE 8-4 (Continued) 

NOTES: 

Longitude is positive east of Greenwich, negative west. 

Northern latitudes are positive , southern latitudes are negative. 

Fortran record size indicator = 000375010001 octal in each record on this tape. This indi- 
cates a total word count per record of 253 words. 

Date of data = day + 100 (months + year (100). (Example: Feb. 10, 1962 at 2 hours is re-  
corded as 620210 in date of data, 41 in day count of year and 7200 in seconds of day.) 

Reference day data of apparent sidereal time is obtained from "The American Ephemeris 
and Nautical Almanac" for the given year. 

ATTITUDE 

Word Number Symbol 

1 
2 
3 
4 
5 tEl 
6 
7 t E 2  
8 
9 t o  
10 
11 t a + i  
12 
13 t" 
14 
15 r 
16 
17 t 
18 
19 a 
20 e 
21 i 
22 R 
23 il 
24 P 
25 + 
26 T 
27 T 

28 to 250 6 

-ORBIT TAPE FORMAT LABEL RECORD 

Function units 

Identification 
Date Year 

Month 
Day 

Start Time of Eclipse Day Count 
Milliseconds of Day 

End Time of Eclipse Day Count 
Milliseconds of Day 

Start Time of Orbit Day Count 
(Time of Ascending Node) Milliseconds of Day 
End Time of Orbit Day Count 
(Time of Next Ascending Node) Milliseconds of Day 
Time of Predicted Day Count 
Noon Turn Milliseconds of Day 
Epoch Day Count 

Milliseconds of Day 
Sampling Rate Milliseconds 
Orbit Number 
Semi-Major Axis Earth Radii 
Eccentricity Ratio 
Inclination Degrees 
Longitude of Ascending Node Degrees 
Rate of Change of Omega 
Argument of Perigee Degrees 
Rate of Change of Omega 
Period Minutes 
Rate of Change of T 
Spares 

Degrees/Day 

Degree s/Day 

Minute s/Day 



TABLE 8-6 
FORMAT OF THE ATTITUDE-ORBIT TAPE DATA RECORD 

Word Number 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Symbol Function 

Time 

Local Time (of Sub-satellite 
Point) 

Right Ascension of Satellite 
Declination of Satellite 

Position Vector 

Velocity Vector 

Solar Vector 

Latitude 

Longitude 

Height Above Spheroid 
True Anomaly 
Sun Earth Satellite Angle 

Ideal Main Body Roll 
Axis 

Ideal Main Body Pitch 
Axis  

Ideal Main Body Yaw 
Axis 

Ideal Paddle Roll Axis 

Ideal Paddle Pitch Axis 

Ideal Paddle Yaw Axis 

Opep Ideal Roll Axis 

Opep Ideal Pitch Axis 

Opep Ideal Yaw Axis 

~ ~ ~~ 

units 

Day Count 
Milliseconds of Day 
Hours 

Minutes 
Tenth of Minutes 
Degrees 
Degrees 

Kilometers 

Kilometer s/Sec 

Kilometers 

Degrees, North = + 

Degrees, East = +  
West = -  

Kilometers 
Degrees 
Degrees 

South = - 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 
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TABLE 8-6 (Continued) 
FORMAT OF THE ATTITUDE-ORBIT TAPE DATA RECORD 

Word Number 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 

82 

83 

84 

85 
86 
87 

88 

Symbol 

X B Z  '"> Y B Z  

X P Z  } 
Z B Z  
X P X  
X P Y  

Y P Z  

Z PZ 
X E X  

xEY 

X E Z  1 
EX 
EY 

Y E Z  
EX 

EY 

EZ 

Function 

Actual Main Body Roll 
Axis 

Actual Main Body Pitch 
Axis 

Actual Main Body Yaw 
Axis 

Actual Paddle Roll Axis 

Actual Paddle Pitch Axis 

Actual Paddle Yaw Axis 

Opep Actual Roll Axis 

Opep Actual Pitch Axis 

Opep Actual Yaw Axis 

units 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

GEOMAGNETIC COORDINATES OF SATELLITE 
REAL FIELD COORDINATES 

Range 
Latitude 
Mcnlwain Parameter 
Field Strength 

Latitude of Intersection of 
Field Line and Earth Ingress 
Longitude of Intersection of 
Field Line and Earth Ingress 
Latitude of Intersection of 
Field Line and Earth Egress 
Longitude of Intersection of 
Field Line and Earth Egress 

Components of B Vector 

Local Field (Roll Axis) ' 

Vector Expressed in terms of 
the body system 

Earth Radii 
Degrees 
Earth Radii 
GZUllma 
Ratio 

Degrees 

Degrees 

Degrees 

Degrees 

Unit Vector 

Unit Vector 
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TABLE 8-6 (Continued) 
FORMAT OF THE ATTITUDE-ORBIT TAPE DATA RECORD 

97 
98 
99 

Word Number 

Bxo Directed towards the East Gamma 

BZO Zenith of Observer Gamma 
BY0 Directed towards the North Gamma 

89 

90 

91 

92 

93 

94 

95 

96 

(A Bit or  any combination of 
Bits in the Housekeeping Data 
Flag signifies that the Ideal 
Value for the Flagged Function 

the actual Attitude) 
was used in the Computation of 

BYB 

BZB 

BXP 

BYP 

BZP 

Roll =20 
Pitch = 2' 
Yaw = 2* 
+e =z3 
+p =24  

BXE 

BYE 

BZE 

Function 

Local Field (Pitch Axis) 
Vector Expressed in terms of 
the Body System 
Local Field (Yaw Axis) 
Vector Expressed in terms of 
the Body System 
Local Field (Roll Axis) 
Vector Expressed in terms of 
the Paddle System 
Local Field (Pitch Axis) 
Vector Expressed in terms of 
the Paddle System 
Local Field (Yaw Axis) 
Vector Expressed in terms of 
the Paddle System 
Local Field (Roll Axis) 
Vector Expressed in terms of 
the OPEP System 
Local Field (Pitch Axis) 
Vector Expressed in terms of 
the OPEP System 
Local Field (YAWAXIS) 
Vector Expressed in terms of 
the OPEP System 

TOPOCENTRIC HORIZONTAL COORDINATES 

. units 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 

Unit Vector 
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Word Number Symbol Function 

I 126 

units 

T2 

(The same Flagging Method 
as the Housekeeping Data 
Flag, except it signifies that 
the particular Housekeeping 
Function is of a suspect nature) 

Spares 
Same Data as Words 1 to 125 

Where T2 = T I  + A t  
at Times T2 

All Data is represented in Floating Point Format t-- 
Bits 0 to 8 = Characteristic 
Bits 9 to 35 = Mantissa 

Roll =2O 
pitch = 2' 
Yaw = z 2  
$e = z 3  
+ p  = 2 4  

All Data Flags are represented in Floating Point Notation. Interpretation of the Data Flag con- 
sists of converting the Floating Point Number to its Binary Equivalent and Associating the Re- 
sultant Binary Configuration with the Housekeeping Data Flag List as  described by the Data 
Flag, e.g. 

Housekeeping Data Flag = 12(ro) This means 
that the Computation of the Actual Attitude 
was performed using Ideal Values of Yaw and 
I) e Opep Angles. 

4 3 2 1 0  
2 2 2 2 2  

1 j aw 
$e 
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” -  

PRODUCTION 

PROCESSING 

Figure 8-15. Process Scheduling Flow Chart for Attitude-Orbit Program 

After the attitude-orbit tapes have been generated, a series of three post-generating 
operations are  performed on attitude-orbit tapes prior to shipment. These post-genera- 
ting programs (Figure 8-16) are as follows: (1) Quick look printout program, (2) book- 
keeping program, and (3) plot program. 

The quick look printout program prints the label and the data records illustrated in 
Figures 8-17 and 8-18. These a re  typical printouts of desired information that have 
been selected by key-in instructions which may be included in all or any part of the data 
desired. The output is intended for use by analysts and the Production Control Center. 
The bookkeeping program is called so because i t  records such facts about the data as 
data gaps, orbit identification, start  and stop times, data errors, etc. These processed 
facts are both printed out for immediate analysis and punched out on cards for further 
statistical analysis and storage. 

The plot program extracts all attitude and orbital functions from attitude-orbit tapes 
and generates a plot tape for use on the SC 4020 plotter. A typical example of a functional 
plot is shown in Figure 8-19. 
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Figure 8-16. Post-Generating Attitude-Orbit Program 
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CHECKS ON THE OUTPUT OF THE ATTITUDE 
ORBIT PROGRAM 

A- TRUE ANOMALY 
B - SUN-EARTH -SATELLITE (SES) ANOLE 

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 

Figure 8-19. Typical Example of a Functional Plot 
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SECTION 9 
SPECIAL PURPOSE DATA PROCESSING 

The frequency modulation (FM) special purpose data is processed in an entirely 
separate operation as shown in the OGO-A data processing flow chart, Figure 5-1. 
Processing is accomplished on the rubidium vapor magnetometer line. This line re- 
ceives data from either of two sources. One source is the conventional analog tape, and 
the other source is real time data supplied from leased lines connected to the Rosman 
data acquisition station. Analog tapes from FM special purpose telemetry are handled 
separately as if the data were from a different satellite. FM data from experiment No. 
17 is merely evaluated at GSFC and duplicated. Analog FM data for experiment No. 11, 
however, is processed on the rubidium vapor magnetometer line into a buffer tape. A 
special purpose quality control program inspects the digitized data, prints out a quality 
control listing (Figure 9-1), writes a special purpose edit tape, and punches a documen- 
tation card (Figure 9-2). 

9.1 OGO-A SPECIAL PURPOSE TELEMETRY 

The OGO-A special purpose telemetry system is used for the transmission of data 
from the rubidium vapor magnetometer. The nature of this data is such that i t  is not 
well adapted to a PCM telemetry system in which i t  would have to be multiplexed with 
other signals. The signal is therefore transmitted separately on two of the five special 
purpose telemetry channels. The magnetometer output signal is a noisy sine wave with 
a frequency proportional to the magnetic field intensity. The magnetometer frequency 
range is from about 10 cps for weak fields at  apogee to frequencies above 100 kc for the 
high fields near the earth at  perigee. Since the response of the special purpose telem- 
etry system is limited from 300 cps to 100 kc, i t  is necessary to use two channels for the 
magnetometer signal. Channel 1 is modulated by the signal taken directly from the mag- 
netometer and handles magnetometer frequencies between 300 cps and 100 kc. Channel 2 
had a 40kc subcarrier which is phase-modulated by the magnetometer signal for frequen- 
cies between 10 cps and 600 cps. Figure 9-3 shows the special purpose rubidium vapor 
magnetometer data processing line. 

9.2 SPECIAL PURPOSE DATA PROCESSOR 

The special processor for the OGO-A magnetometer data is outlined in Figure 9-4. 
The recorded telemetry signal, the ground station time signal, and the station standard 
frequency are  obtained from the reproduce analog tape deck. The station standard fre- 
quency will be either 1 kc, 10 kc, or 100 kc. The tape deck can be made to reproduce the 
signals at  either 1, 2, 4, 8, or 16 times the recorded speed, selectible by pushbutton 
control. When processing the direct magnetometer signal (channel 1) the A phase lock 
tracking filter is locked to the noisy magnetometer telemetry signal, and the output of 
the tracking filter is a relatively clean signal which is phase-locked to the magnetometer 
signal. The frequency of this clean signal is measured i n  the counter unit. The frequen- 
cy is determined by measuring the number of cycles of the signal in a period of time, 
which can be selected by means of a se t  of switches on the control panel. The range of 
selection is 1 millisecond to 9.999 seconds. The standard frequency, extracted from the 
analog tape signal by the time decoder, is multiplied to 5 Mc to be used for the timing in 
the frequency measuring unit. By using this recorded standard frequency in this manner, 
compensation is obtained for effects of tape recorder wow and flutter. Specifically, a 
counter is started counting cycles of the multiplied standard frequency at a zero crossing 
of the tracking filter reproduction of the magnetometer signal. The counter is turned off 
a t  the second integral signal cycle after the preset time is reached. The number of signal 
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cycles in this period is also counted. The ratio of these two counts gives the frequency 
of the magnetometer signal. At the shortest time period, the resolution is limited to 
one cycle of the 5 Mc timing waveform, or 1 part in 5000. At the longest period the 
resolution is approximately 1 part in 5 x lo7. When processing the channel 2 signal 
consisting of the subcarrier modulated with the magnetometer signal, the subcarrier is 
demodulated in the phase locked PM detector. The resulting noisy low frequency mag- 
netometer signal is fed into the B phase lock tracking filter. The output of the tracking 
filter is sent to the frequency measuring counters through switch position B. 

The magnetometer frequency data from the counter registers are put into the buffer 
where they a re  merged with ground station time from the time decoder and written on a 
digital tape in computer format. The time decoder, buffer, and digital tape unit are 
identical to those in the OGO-A PCM data processor described earlier and serve similar 
functions in the special magnetometer processor. 

1 

(A) PHASE LOCK A COUNTERS, 
TRACKING REGISTERS, - BUFFER - 

P B  AND DISPLAYS r FILTER 
A 

DIGITAL 
TAPE DECK 

Figure 9-4. Outline of Special Processor for the OGO 
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APPENDIX A 
DISPOSITION OF DATA 

Type of Tape or Card 

Attitude orbit tapes 

Command cards 

Decommutation tapes 

Special purpose edit tapes 

Duplicates special purpose tapes 
~~ ~ 

A. 1 EXPERIMENTERS 

Shipping Group Number 

1 2 3 4 

X X X X 

X X X X 

X X X 

X 

X 

r 

Twelve of the OGO-A experimenters are affiliated with institutions located through- 
out the United States and must receive experiment data by mail. The remaining eight 
experimenters are affiliated with Goddard Space Flight Center and receive experiment 
data through an internal distribution system. The experiment data are transmitted in  
the form of tapes and cards on a loan basis. After extracting the data the experimenter 
needs, the tapes and cards are returned for retirement to the OGO-A archives. 

Experimenters not located at Goddard receive shipments having a specified content 
of tapes and cards according to numbered groups. These shipping groups contain data 
as indicated by an "X" i n  the following table: 

A. 2 SHIPMENT OF TAPES 

Experimenters not located a t  Goddard receive weekly notification of shipment of 
tapes on the advance shipping notice form (Figure A-1). This letter lists all tapes 
shipped to the experimenter during the preceding week. Should the listed tapes not ar- 
rive within two weeks after receipt of the letter, the experimenter is requested to notify 
the Digital Data Accounting Office, Code 545, Goddard Space Flight Center, Greenbelt, 
Maryland 20771. Accompanying each shipment is a duplicate set of the experimenter's 
letter for receipt of tapes form which lists the files of data on tapes in the shipment. 
The experimenter retains one copy and signs, dates, and returns the other copy to ack- 
nowledge receipt of the shipment. 

A. 3 TRANSMITTAL OF TAPES WITHIN GODDARD 

Tapes transmitted from the Digital Accounting Office to experimenters or their 
representatives within Goddard are accompanied by a duplicate set  of the receipt for 
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To 

D a t e  

On t h i s  d a t e  the f o l l o w i n g  tapes  were sent t o  you. P l e a s e  notify t h i s  

of f ice  if  these tapes are not received within t w o  w e e k s .  

SATELLITE EDIT NO. INVENTORY NO. 

DIGITAL DATA ACCOUNTING 

NASA-GSFC CODE 545 

GREENEELT,MD. 2 0 7 7 1  

Figure A-1. Advance Shipping Notice Form 
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magnetic tape form. One copy is retained by the recipient and the other is returned to 
the sender to acknowledge receipt of the tape. 

A. 4 DESTINATION AND CONTENT OF DATA 

Data from Experiments 1, 2, 3, 7, 8, 9, 10, 12, 14, 17, 18, and 19 are studied by 
experimenters affiliated with institutions a t  locations throughout the United States. The 
following table provides addresses and shipping group numbers defining the content of 
data to be shipped for each of these experiments: 

Shipping Address 

Dr. Kinsey Anderson 
J. Henry Primbach 
Department of Physics 
University of California 
Berkeley, California 94720 

Dr. JohnW. Wolfe 
Space Sciences Division 
Ames Research Center 
Moffett Field, California 

Dr. Alan Lazarua 
Room 26-565 
Massachusetts Institute of 
Technology 
Cambridge, Massachusetts 

Mr. Gordon A. Lenb 
The Enrico Fermi Institute for 
Nuclear Studies 
The University of Chicago 
Chicago 37, Illinois 

Mr. William Bulgren 
Physics Department - 
Satellite Analysis 
State University of Iowa 
13 1/2 E. Washington Street 
Iowa City, Iowa 32240 

Dr. J. R. Winckler 
R. L. Arnoldy 
School of Physics 
University of Minnesota 
Minneapolis, Minnesota 55455 

Mr. Robert E. Holzer 
Institute of Geophysics and 
Planetary Physics 
Los Angeles Laboratories 
University of California 
Los Angeles, California 

A-3 

Shipping 
Group 

Number 

1 

1 

1 

1 

1 

1 

1 



Shipping 
Group 

Number 
Experiment 

Number 

12 

14 

17 

17 

18 

19 

Shipping Address 

Dr. RitaSagalyn ' 1  
Air Force Cambridge Research 
Laboratory 
Geophysics Research Directorate 
Lawrence G. Hanscom Field 
Bedford, Massachusetts 

Mr. R. S. Lawrence 2 
Ionospheric Radio Astronomy Section 
National Bureau of Standards 
Boulder, Colorado 

Stanford Research Institute 1 
Bldg. 308A 
Menlo Park, California 
Attn: Bud Rorden 

Stanford Electronics Laboratories 4 
Stanford University 
Stanford, California 
Attn: John Katsufrakie 

Mr. W. J. Lindsay 1 
C. Lindahl 
Department of Astronomy 
University of Michigan 
Ann Arbor, Michigan 48104 

Dr. Philip W. Mange 1 
Code 7121 
U. S. Naval Research Laboratory 
Washington 25, D. C. 

Data from Experiments 4, 5, 6, 11, 13, 15, 16, and 20 are studied by experimenters 
affiliated with Goddard Space Flight Center and are transmitted to them according to an 
internal distribution plan. The following table provides experimenter names and address 
codes and shipping group numbers defining the content of data to be transmitted for Ex- 
periments 4, 5, 6 and 11: 

Experimenter and Address Code 

G. Ludwig/Dr. F. McDonald 
T. Cline, Code 611 . R. L. Davis, Code 611 

eppner/Dr. M. Campbell 
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APPENDIX B 
DESCRIPTIONS AND LOCATIONS OF EXPERIMENTS 

AND NAMES OF EXPERIMENTERS 

DESCRIPTIONS OF EXPERIMENTS 

Descriptions of each of the twenty experiments conducted in the OGO-A mission are 
presented in the order of experiment number. Following each description is the name 
and professional affiliation and location of the principal experimenter(s) in the subject 
experiment. 

Solar Cosmic Rays (Experiment 1) 

The objectives of this experiment are to measure the form and time variations of the 
energy spectrum from a few Mev up to 30 MeV, to investigate spatial inhomogeneities of 
the solar-proton flux upon their arrival at the earth, to search for proton fluxes attribu- 
table to flares on the back side of the sun, to monitor X-rays from the sun, to measure 
the flux and energy of photons which arise i n  proton producing flares, and to measure 
protons in the galactic cosmic radiation during the approach to solar minimum. The 
principal experimenter is Dr. Kinsey A. Anderson of the University of California, 
Berkeley , Calif or nia. 

Plasma Electrostatic Analyzer (Experiment 2) 

The objective of this experiment is to further the understanding of the lower energy 
(a few to a few thousand electron volts) particles and their relationship to other geophysi- 
cal, solar, and cosmic phenomena. The distribution of plasma particles is particularly 
important in connection with understanding of the distributions of magnetic fields in 
space. The principal experimenter is Dr. Michel Bader of the Ames Research Center, 
Moffet Field, California. 

Plasma Faraday Cup (Experiment 3) 

This experiment is concerned with properties of the solar plasma in the tens to thou- 
sands of electron volts range and their influence on the earth's magnetosphere. The 
scientific objectives include measurements of the following quantities: proton flux, pro- 
ton-energy spectrum, and direction of the flux. Temporal and spatial variations of these 
quantities and correlation of the above data with measurements of the magnetic field are  
also scientific objectives of this experiment. The principal experimenter is Dr. H. T. 
Bridge of the Massachusetts Institute of Technology, Cambridge, Massachusetts. 

Positron Search and Gamma-Ray Spectrum (Experiment 4) 

The objective of this experiment is to investigate the possible existence of low-energy 
positrons trapped in a permanent or transitory manner in the radiation belts and the pos- 
sible arrival of low-energy solar or interplanetary positrons at  the edge of the earth's 
magnetic field. This experiment is able to measure over a wide dynamic range, the flux 
of gamma rays in the energy range from 30 Kev to 1.2 MeV. The principal experimenters 
are  Dr. T. L. Cline and Dr. E. W. Hones of Goddard Space Flight Center, Greenbelt, 
Maryland. 

Trapped Radiation, Scintillation Counter (Experiment 5) 

The objective of this experiment is to provide further studies of the temporal and 
spatial variations of the particle intensities, pitch-angle distributions, energy spectra of 
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electrons and protons, and to find answers to such questions as: particle lifetimes, 
processes by which trapped particles are lost, and the sources and accelerating mech- 
anisms of the trapped particles. The principal experimenter is Mr. R. L. Davis of 
Goddard Space Flight Center, Greenbelt, Maryland. 

Cosmic Ray Isotropic Abundance (Experiment 6) 

A cosmic ray telescope is used to analyze the charge and energy spectrum of the 
primary cosmic radiation thereby to assist in the determination of the amount of inter- 
stellar material through which primary cosmic rays have passed between their source 
and the vicinity of the earth and to study the modulation mechanisms which act on the 
cosmic rays produced by the sun. The principal experimenter is Dr. F. B. McDonald 
of Goddard Space Flight Center, Greenbelt, Maryland. 

The objectives of this experiment are to assist in the search for the acceleration 
mechanisms acting on cosmic rays and solar particles and to study the electrodynamic 
processes of solar origin which lead to the modulation of the galactic-ray flux such as 
the 11-year cycle, the Forbush decreases, and the 27-day variation. The principal ex- 
perimenter is Dr. J. A. Simpson of the University of Chicago, Chicago, Illinois. 

Trapped Radiation, Omnidirectional Counters (Experiment 8) 

 his experiment monitors the electron component of the outer radiation 'zone of the 
earth to determine the absolute intensity and energy spectrum as a function of time and 
of position (electron energies in the range 40Kev to 2 MeV) in a continuing effort to im- 
prove the observational foundations for understanding the dynamics of the outer zone: 
i. e., acceleration, dumping, replenishment, redistribution in space, and the relation- 
ship of the outer zone to magnetic storms and aurorae. The principal experimenter is 
Dr. J. A. Van Allen of the State University of Iowa, Iowa City, Iowa. 

- 

Electron Spectrometer (Experiment 9) 

This experiment uses two primary detector systems. A swept magnetic field elec- 
tron spectrometer will make a precise measurement of the electron energy spectrum in 
the range 50 Kev to 4 MeV. An ionization chamber and G. M. counter will assist in the 
determination of the electron, proton, and X-ray fluxes. The objective of this experi- 
ment is to assist in the study of the injection, trapping, and loss mechanisms acting in 
the earth's radiation belts. The principal experimenters are  Dr. J. A. Wineklev and 
Dr. R. Arnoldy of the University of Minnesota, Minneapolis, Minnesota. 

Tri-Axial Search Coil Magnetometer (Experiment 10) 

The objectives of this experiment are  to investigate the nature of extremely low- 
frequency variations (0.01 to 1000 cps) in the terrestrial geomagnetic field, in the inter- 
planetary field, in the vicinity of the interface between them, and to investigate the rela- 
tionship between the fluctuations in these three regions of space and the simultaneous 
variations a t  the earth's surface. The principal experimenter is Dr. E. J. Smith of the 
Je t  Propulsion Laboratory, Pasadena, California. 

Rubidium Vapor Magnetometer (Experiment 11) 

A combination of component flux-gate sensors and a rubidium vapor magnetometer is 
intended to provide comprehensive field measurements with a known absolute accuracy. 
The objectives of this experiment are to accurately meagure the interaction of solar and 
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geomagnetic field phenomena, to measure the local field sources such as ring currents, 
to study the rapid field fluctuations with frequency ranges covering at least four orders 
of magnitude, and to provide charts and mathematical descriptions for the International 
World Magnetic Field Survey. The principal experimenter is Dr. J* .P. Heppner of 
Goddard Space Flight Center, Greenbelt, Maryland. 

Spherical Ion and Electron Trap (Experiment 12) 

This experiment utilizes a spherical electrostatic analyzer to measure the concen- 
tration and energy distribution of charged particles having thermal energies in the ds- 
tance range from 275 to 110, O O O k m .  The principal experimenter is Mrs. R. Sagelyn of 
the Air Force Research Laboratory, Bedford, Massachusetts. 

Planor Ion and Electron Trap (Experiment 13) 

The objective of this experiment is to obtain the density and energy distributions of 
charged particles in the low energy or thermal ranges in the transition region between 
the ionosphere and interplanetary space, and in interplanetary space which is character- 
ized by low particle densities. The principal experimenter is Mr. E. C. Whipple of 
Goddard Space Flight Center, Greenbelt, Maryland. 

Radio Propagation (Emeriment 14) 

The objective of this experiment is to make accurate measurements of the electron 
density along the line of sight by determination of the Faraday rotations of two harmoni- 
cally related, linearly polarized waves, National Bureau of Standards ground stations 
a re  enabled thereby to measure the magnitude of large scale horizontal irregularities in 
the electron distribution of the ionosphere. and exosphere. The principal experimenter is 
Mr. R. S. Lawrence of the National Bureau of Standards, Boulder, Colorado. 

Atmospheric Mass  Spectrum (Experiment 15) 

The objective of this experiment will obtain direct measurements of positive ion com- 
position in the mass range 1 to 45amu throughout the OGO-A orbit by the use of a Bennett 
RF mass spectrometer. The principal experimenter is Dr. H. Taylor @ Goddard Space 
Flight Center, Greenbelt, Maryland. 

Interplanetary Dust Particles (Experiment 16) 

This'experiment will establish the velocity and mass distributions for interplanetary 
dust particles of micron size. The findings of this experiment will extend the mass dis- 
tribution curve out to the radiation pressure limit, and measure the fluctuations in the 
velocity distribution, mass distribution, and spatial densities. The principal experimen- 
ter is Dr. W. M. Alexander of Goddard Space Flight Center, Greenbelt, Maryland. 

VLF Noise and Propagation (Experiment 17) 

This experiment will increase the overall understanding of the VLF phenomena in the 
earth's magnetosphere. The phenomena to be studied includes a terrestrial noise pro- 
duced below a height of 70km (such as atmospherics due to lightning noise generated with- 
in the earth's ionosphere and magnetosphere), VLF emissions produced by incoming 
solar particles, and cosmic noise of entirely axtraterrestrial origin such 88 SOW and 
planetary noise. The frequency range to be covered is 200 to 100,000 cps. The principal 
experimenter is Dr. R. C. Helliwell of S w o r d  University, Stanford, California. 
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Radio Astronomy (Experiment 18) 

The prime objective of this experiment is the meamarement of the dynamic d o  
epectrum of solar radio noim hursta. The frequency drift rate, frequency 
and duration of fa& drift alar bursta will be observed. "his e-riment 
serve radio bursts from the planet Jupiter. Additional obervatione to be 
cosmic-noise intensity, ionoapheric electron densities ($0 to 500 electr 
atmospherics, auroral noise from the earth to satellite, and radio nois 
terrestrial ionosphere and in interplw(arY plswnur. The inve r 

frequency ranges from 200 to 400kc and 2 b 4mc. The princip 
F. T. Haddock of the University of Michigan, Ann Arbor, Michigan. 

Geocoronal Lyman Alpha Scattering (Experiment 19) 

The Lyman-Alpha glow i n  the night sky probably originates from either a geocorona 
or the interplanetary medium. To distinguish the relative contributions of these two 
sources, it is necessary to make measurements from great altitudes which will permit 
separation of the sources of the reasonantly scattered light. The principal experimenter 
is Dr. P. W. Mange of the Naval Research Laboratory, Washington, 0. C. 

Gegenschein Photometry (Experiment 20) 

The question as to where the Gegenschein (counterglow) originates in space haa de- 
fied solution by ground observers for nearly two centuries, and is not likely to be solved 
until an observation is made sufficiently fa r  from the earth to show a parallax. The ob- 
jective of this experiment is to obtain low resolution images of the sky in the antisolar 
direction to determine the source location. Also under study is the degree of polariza- 
'tion and the infrared brightness to assist i n  determining the nature of the scattering cen- 
ters which produce the Gegenschein. The principal experimenters are Dr. C. L. Wolff 
and Dr. K. Hallam of Goddard Space Flight Center, Greenbelt, Maryland. 

EXPERIhdENT LOCATIONS IN THE O G e A  8PACECRAFT 

Equipment associated with OCO-A experiments are located both within the mainbody I 
of the spacecraft and externally. Figure B-1 shows experiment equipment mounted ex- 
ternally on the spacecraft appendages, and Figure B-2 indlcatea how experiment equip- 
ment is arranged when the main body panels are opened. Figures B-3 through B-7 pre- 
sent identification and data record printouts for experiment 1. Figures B-8 through B-24 
present identification and data record printouts for experiment 2 thraugh 10, respectively 
(exclusive of 14 and 16). 



c 

Figure B-1. identification of Experiment Mounting Locations in the OGO Appendages 

+ Y  

t 
OPEP END -l 

Figure B-2. Identification of Experiment Mounting Locations in the OGO Mainbody 
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APPENDIX C 
OGO COMMAND SYSTEM AND 

SPACECRAFT INSTRUMENTATION LIST 

The material in the June 1964 revision of "5-49 Spacecraft Command, Tracking, and 
Telemetry Systems, Section I -Command System, " is incorporated by reference. 

The material in the June 1964 revision of "S-49 Spacecraft Command, Tracking and 
Telemetry Systems: Appendix I - OGO Spacecraft Instrumentation List, " is incorporated 
by reference. 
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